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FT HE favourable Reception the 


former Editions have met with, 

inclines me to hope that this ſeventh 
Edition will find further Encourage- 
ment from the Public; eſpecially when 
it is known what great Improvements 
are made through the whole Work 
fince the firſt Edition of this Book, both 
by the Advice and Remarks of many 
learned and judicious Perſons, (which J 
here gratefully acknowledge). and my 
own Obſervations. All this has pro- 
duced conſiderable Alterations, Correc- 
tions, and Additions ; for many new and 
curious Subjects, and ten new Plates, 
are added: And the moſt approved 
Authors, who have treated more largely 


A 2 of 


PREFACE. 
of theſe Things, than can be expected 


inbis ſmall Volume, are referred to; 


T ſhall add no more, but that this Book 
is deſigned for the Inſtruction and Eu- 
tertaiument of the Youth of both Sexes : 
And that it may ſo delight and allure 
them, as t0 engage them to purſue true 


Knowledge to a greater 9 is 
the py Defire of 


Their humble & ervant, 


Benjamin MARTIN. 
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SH 


Of the Science of Philoſophy in gene- 
ral; of Natural Philoſophy in par- 
ticular ; its Parts and Subjects, and 


various Uſes in Life. 


A, HAT is the genuine Meaning 
of the Word Philoſophy ? - 

B. By Philoſophy, you are to 
underſtand the * — or Knowledge of the 
Nature, Cauſes, Properties, and Effects of all 
created Beings, ſo far as they are capable 
of being known by Reaſon, diſcovered by Art, 
or any Ways adapted to the human Compre- 


henſion *. 


* The Word Py1Losoyny among the Ancients was uſed in 
a various Senſe; for, (1.) It ſometimes was taken for Uni- 
verſal Knowledge, viz. of all Things, Human and Divine. 
(2.) In a ſtricter Notion, for the Contemplation of Nature only ; ; 
and in this Senſe a Philoſopher was called by Plato, @iz% Tis 
Qurins, A Friend, or Lower of Nature. (3) Sometimes for 
Ethics, or the Doctrine of Manners; which we call Moral Phi- 
loſophy. (4.) It alſo ineluded the Mathematical Arts and Diſ- 
cipline, eſpecially Arithmetic and Geometry. (5. The Science 
TS reg deres, of Exiſtence or Being 1n the Abſtract, called Me. 
taphyfics. (6.) For the Knowledge 75 pre xunt, of the Prime 
or Chief Goods, i. e. God; and this was their prima Philoſophia, 
or Theology. (7.) It was ſometimes applied to Logic, or Dis- 
lectics, which gave Rules for reaſoning about the Nature of 
T hings.—But on the Whole, the Knowledge of God, Na- 
ture and Arts, was fo very imperfect and ſcanty, that Philoſo- 
phy ſeems but dawning in the Works of its greateſt Profeſſors 


among them, 
| A 2 A. Pleaſe 


* 


* | 
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A. Pleaſe to be a little more particular in 
your Definitions, or I cannot fo eafily (as I 
would) apprehend you: What do you mean 
by the Nature of Things? 

B. By the Nature of any Being, or Thing, 
is meant that peculiar State or Condition, 
*whereby it is differenced in its Kind from all 
other Beings whatſoever: Thus it is the Na- 
ture of God to be perfect; of Man to be ſo- 
ciable; of Fire to be hot; of Ice to be cold, 
- 

A. In like Manner explain what you mean 
by the Cauſes of Things, that I may the better 
apprehend you on theſe Philoſophical Sub- 
jects. ne 
: B. By Natural Cauſes are to be underſtood 
the Means by which Things come at firſt to 
have their Being or Exiſtence: Thus God 1s 
the Cauſe of all created Beings, becauſe from 
him they firſt received their Being; and hence 
God is called by way of Preheminence the ft 
and primary Cauſe of all Things. 

A. I have heard, and alſo read of ſecondary 
Cauſes; pray, what is the Reaſon of this Dit- 
tinction ? 

B. II endeavour to inform you. Seconda- 
ry Canſes are thoſe which produce their Ef- 
fects according to the Direction and Influence 
of fome eſtabliſhed and original Laws and 
Rules, implanted in their Natures at their firſt 
Creation by God, the primary Cauſe; of all 
other Cauſes he 1s the original Cauſe; and 
conlequently they, with Regard to the j#r/t 
Cauſe, can be onl ondary 


Cauſes < 


Of Philefophy in General. 5 
Cauſes: So the Sun cauſeth Vapours; and 
Vapours cauſe Clouds; and Clouds condenſed 
cauſe Rain; Rain cauſeth Springs, Rivers, Ve- 
getation, Cc. but yet they all act in a ſecon- 
dary Manner, under the original Influence of 
the firſt Cauſe, as aforeſaid F. 
A. Pleaſe next to define what you call the 
Properties of Bodies. 


B. By Bodies, I ſuppoſe, you mean the ſe- | 


veral Kinds of Beings in general, as they ap- 
pear to our Sight; and, in this common Senſes 
of the Ward, the Properties of Things are 
thoſe Qualities and Operations peculiar tothem- 
felves, and which diſtinguiſh them from all 
other Kinds of Beings: Thus it is the Pro- 
perty of Man to laugh, and reaſon; of Glaſs 
to be tranſparent; of Air and Wind to be in- 
viſible; of Space to he infinite ; of God to do 
Good, &c. 

A. The Knowledge of Effects you mention- 


ed as a Part of Philoſophy; what am I to un- 


derſtand thereby? 

B. This: That an Effect is whatever is 
produced or brought to paſs by the Action or 
Operation of any natural Cauſe: Thus Va- 
pours are the Effect of the Sun's Attraction; 
Ice is the Effect of a cold Air; Viſibility the 


* The Doctrine of Secondary and Final Canes, 1s of the laſt 
Importance in true Philoſophy ; ſince the former are the Means 
by which, and the latter, the Ends for which, all Things receive 
their Being from the Primary Efficient Cauſe, which 1s God 
alone, 


A 3 Effect 
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Effect of Light; and Purging and Vomiting 
the Effects of divers Herbs and Medicines. 

A. Having given this general Account of 
Philoſophy, I ſhould be glad if you'doblige me 
with a more particular one; pray, how many 
Sorts of Philoſophy are there? 

B. Philoſophy is divided generally into Mo- 
ral and Natural. 

A. What do you call Moral Philoſophy ? 

B. This is properly called Ezhzcs, from the 
Greek Word doe, and Morality, from the La- 
tin Word Mos, plural Mores, both ſignifying 
Manners or Bebaviour. 

A. Pray, what is the Buſineſs of Moral 
Philofophy ? 

B. To give Rules and Laws for the Beha- 
viour, Manners, and Conduct of Man, as Man, 
or as a rational Creature, 

A. Pleaſe to tell me the End or Defign 
thereof, 

B. The great End and Deſign of Morality 
is to make Mankind acquainted with the 
Means and Methods of being happy, or to 
obtain the greateſt Felicity in this Life. 

A. What do you properly call Natural Phi- 
loſophy? 

B. This hath two proper Appellations; one 
in Phy/ic, from the Greek guois, Nature, or 
qvoizn, Natural; and fo it imports to us the 
Science or Knowledge of Nature, or natural 
Bodies. 


A. But you ſay it hath another Name; 
what 1 is that ? 


B. Phy- 


The Differ. f moral and natural Philo oſophy. 7 


B. Phyjiology; ſo called of Pots, Nature, 
and Azyos, a Diſcourſe ; and by this is implied 
a Diſcourſe of Nature, and natural Bodies; and 
ſuch is the enſuing Book *. 

A. Since the Word Phzlo 5 phy, then, 1 is ge- 
neral; what is implied by it? 

B. The Word Philoſophy is compounded of 
the two Greek Words , Love, and copiæ, 
Wiſdom, or Knowledge ; and thus it implies the 
Love of Wiſdom, or the Study of Knowledge 
or Learning in general, as aforeſaid . 

A. How came the Word Philoſophy firſt in 

Ule? 
B. Pythagoras, a learned Greek Philoſopher 
of Samos, from his great Modeſty, eſteemed the 
Appellation oopos, a wiſe Man, too arrogant, 
(though the general Character of a learned Man 
before his Time) and therefore he was content 
to call himſelf g:2o, a Lover, oogizs, of Wiſ- 
dom: And ſince him the Science has been 
called Phrloſophy, i. e. Love of Wiſdom; and 
thoſe who ſtudy it, Philoſophers. 


»The Greek Word vc and the Latin Natiiva, (whence the 
Engliſh Word Nature) are both derived from Verbs, wiz. S 
and VNaſcor, which ſignify to make, produce, beget, or give Being 
to any Thing. Thus Nature, properly ſpeaking, is the General 
Birth of all Things. 

+ The Word Philaſophy, though literally Greek, yet is of an 
Hlebreau Derivation ; for S ſeems to be from "I to ſepa- 
rate, (et apart, ſele&t; which is the AQ of Love in a molt emi- 
nent Degree: And woos is evidently trom MDY, fo obſerve, ex- 
plore, view, and contemplate Things; which is the proper Buſi- 
neſs of a Naturaliſt. And thus from oy came the Greek Teo; 
or Contemplative Wiſe Men. — Vet notwithſtanding this, ſach 
poor Philoſophers were the Hebrews, that their Lan guage affords 
not one Word for Nature or Philoſophy. 
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A. Very good; but ſay, what is the proper 
Subject of Natural Philoſophy ? 

B. Subſtance or Matter, under all the va- 
rious Forms and Figures we behold it, which 
we call Natural Bodies, with all their Pro- 
perties and Affections. 

A. What is the Defign of Natural Philo- 
ſophy? 

B. To improve human Knowledge, to 
make us better acquainted with Nature, to 
give us a rational Senſe of Things, by diſco- 
vering the Reaſon of.the various and different 
Aﬀections, Qualities, and Effects of Objects, 
which offer themſelves to our Senſes, ſo far as 
is poſſible. 

A. What are the more principal Uſes of 
Philoſophy in the Affairs of human Lite? 
B. They are almoſt innumerable; for here- 
by Men are diſtinguiſhed from Brutes, who 
indeed behold the various Phaſes of Nature, 
but can tell the Reaſon or Cauſe of none. 
By this Art, the P4yfician acquires the Know- 
ledge of the Virtue and Effects of Plants and 
Herbs; the Chymr// hereby obtains the Me- 
thod of analyzing and diſſolving Metals, Mi- 
nerals, Plants, animal Subſtances, &c. and 
reducing them to their firſt Elements ; the 
Apothecary hence underſtands the Reaſon of 
the various Compoſitions of Simples for 
the making his Medicines; the Afronomer 
hence learns the Frame and Conſtitution of 
the Heavens, and the Magnitude, Diſtance, 
and Phaſes of all the heavenly Bodies; the 

Huſband- 


The Parts and Subdeuifions of Phyfiolagy. g 
Huſbandman alſo may know, from the Rules 
of this Science, the moſt advantageous Me- 
thods of cultivating and manuring his Land; 
the Navigator, from hence, borrows the 
Theory of his Art; and, in ſhort, there is no 
State, Art, or Capacity, in Life, which does 
not directly, or indirectly, receive Advantage 
and Benefit therefrom. 


C HX P. II. 
Of the Paris and 8 ubdivifions of 


PHYSIOLOGY. 


A. OW many are the Parts of this 
Science of natural Phy/iology ? 
B. It may properly be divided into four ge- 
neral Parts. | 
A. Which are they? 
B. Theſe following, v7z. 


I. Somatology, which treateth of the com- 
mon Nature, Properties, and Qualities of 
Matter, and its various Combinations in 
natural Bodies. | 

II. Co/mology, or Uranohogy, which treats of 
the Nature, Conſtitution, and component 
Parts of the Univer/e in general, and par- 
ticularly of our lar Syſtem. 

III. Aerolagy, which treats of the Nature 


of the Atmoſphere, or Region of Air, 
and 


8 
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and all the Phenomena thereto belong- 
ing *, | 

IV. Geology, which treats of the Nature, 
Make, Parts, and Productions of the Globe 
of Earth on which we live. 


A. I ſuppoſe each of thoſe general Parts re- 
ceive a Subdiviſion, do they not ? 

B. Yes, into ſeveral other Branches. 

A. What are the Subdiviſions of the firſt 
general Part, Somatology * 

B. Somatology, as it conſiders the common 


and ſpecial Properties of natural Bodies, is di- 


vided, with reſpect to them, in the Manner J 
ſhall by and by name to you, when we diſ- 
courſe of that Part. 
A. What are the particular Branches of the 
ſecond general Part! „ 
B. Coſmology, or more properly Uranology, 
comprehends the following Branches, vis. 


1. Heliography, which treats of the Sun. 

2. Selenography, which treats of the Moon. 

3. Planetography, which treats of the Pla- 
nets. 

4. Cometography, which treatsof the Comets. 

5. Aſtrography, which treats of the fixed 


Stars. 


The Word Phænomenon being of moſt frequent Uſe, it is 
proper the Reader ſhould be acquainted, that it is derived from 
the Greek Verb ah, to appear; whence Phznomenosy ſignifies 


an Appearance, and plurally, Phenomena, the Apprarances of 
Things. | 


A. How 


The Parts and Subdiviſions of Phyſiology. 11 


A. How is the third Part ſubdivided ? 
B. Aerology I divide as follows, vix. into, 


1. Aerograpby, which treats of the Atmo- 
ſphere, or Body of Air. 

2. Anemography, which treats of the Winds. 

3+ Meteorography, which treats of the 
Meteors. © 

4. Phantaſmatography, which treats of the 
celeſtial Appearances, or ſuch Phenomena, as 
exiſt only in Viſion, and not corporally, 


A. How do you ſubdivide the laſt general 
Part? 


B. Geology is moſt naturally divided into 


the following ſubordinate Branches, vis. 


I, Geography, which treats of the Earth, 
or Land. 

2. Hydrography, which treats of Water. 

3. Phytography, which treats of Plants and 
Vegetables. 


4. Zoography, which treats of Animals of 
all Kinds. | 

And thus you have a conciſe View of the 
ſeveral Parts or Subjects of our enſuing Col- 
loquies. 


A. Sir, nothing will ſo much delight me, 
as Reflections on ſuch Topics as theſe; I al- 
ways love to hear People talk of the Wonders 
of Nature, and being now directly engaged in 
a Converſation of that Kind, my Deſires are 
excited almoſt beyond Expreſſion. 


B. Ill 


\ 


„ 
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B. Tl do my Endeavour to ſatisfy you if 
poſſible, and am very glad to find you hunger 
1 and thirſt after uſeful Knowledge; while others 
= vainly ſpend their precious and irrevocable Time 
- in idle and profane Amuſements, you have the 
Happineſs of ſuperior Senſe to dictate to you 
the more noble, manlike, and virtuous Me- 
thods of improving your Time; which will 
yield you not only Abundance of Delight, and 
rational Pleaſure, but at the ſame Time make 
you Wiſe and happy: To this End, I ſhall 
communicate to you whatever I have found in 
the Writings of the great Sages and Virtueſo's 
of the laſt and preſent improving and inquiſi- 
tive Age, and will endeayour to make all 
Things plain and eaſy, as I go along, by fa- 
miliar Inſtances, and plain demonſtrative Fi- 
gures and Schemes. 


HA P. III. 


Of Axious relating to Puvs ies; of 
the RULES of PriLosOPHIZING. 


A. RE there not ſome fundamental 
Principles, or Axioms, on which 
this Science depends ? 
B. Yes, moſt certainly; the chiefeſt of 
which I ſhall here lay down. 
A. What do you make the firſt Axiom ? 
B. Axiom I. Nothing hath no Properties, 
A. Pleaſe 


Axioms and Rules of Philoſophizing. 1 3 

A. Pleaſe to exemplify this Axiom. 

B. I will: But firſt underſtand, that by No- 
thing, is meant a ſtate of Non-Exiſtence, or 
Not-Being; and therefore to. ſay nothing is 
hot, is cold, hath Parts, is great or ſmall, &6, 
would be abſurd. 

A, What is the ſecond Axiom? 

B, Axiom II. Somewhat doth exiſt, 

A. That is ſomewhat merry, Sir; I believe 
No- body will deny that to be an Axiom, in- 
deed. 

B. You may think of it as you pleaſe, but 
Jaſſure you I have met with thoſe who have 
had recourſe to Logic, to prove their own Ex- 
iſtence *. 

A. Pray, let me know your third Axiom. 

B. Aviom III. There is no Medium between 
Something and Nothing, Exiſtence and Non- 
Exiſtence. 8 

A. This is moſt certainly true, and to ſup- 
poſe the contrary were abſurd; pray, let me 
know your fourth Axiom. 

B. Axiom IV. That which doth exiſt, and 
7s dependent on any other created Being for 
its Exiſtence, is properly the Eſſence or Subſtance 
of the Thing exiſting. The Truth of this, 
though extremely evident to thoſe who have 
been uſed to a philoſophical Way of Thinking, 


* Witneſs the trite 3n!hyiem of the Schools, Ego cogito, ergo 
ſum, i. e. Ithink, therefore, 1 am, or do exiſt. The Sceptics, 
it is well known, were abſar&enough to deny the Certainty 
of any Thing, and, confequently, of their own Exiſtence, 


will, 
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will, perhaps, appear more clear to you farther 


os 
A. Let me hear your next Axiom. 
B. Axiom V. No Subſtance, or Eſſence, can 
be produced out of Nothing ; or it is impalſible 


| Nothing ſhould be made Something“. 


P. This indeed is very true; for if Nothing 
could be made Something, it would then have 
ſome Property, which is contrary to your firſt 
Axiom; and conſequently abſurd. I pray, . 
ſixth Axiom. 

B. Axiom VI. No Matter, Subſtance, or 
Efſence of any Thing, is capable of being reduced 
to mere Nothing, or annihilated. 

A. Truelikewiſe; ſor if Something could 
be converted into Nothing, then would No- 
thing have a Property, contrary to Axiom J. 
Allo, as it is impoſſible for a Thing to be, and 
not to be, in the ſame Moment; therefore, 
between the Time of its Being and Not- being, 
there muſt be ſome intermediate State of Ex- 
iſtence, contrary to Axiom III. Pleaſe to re- 
late your next Axiom. 


B. Axiom VII. Ever y Efedt hath ſome Cauſe, 


pre-exiſtent to itſelf. 


A. That I, and every Body elſe, muſt believe, 


or be abſurd . Pray deliver your next Axiom. 
B. Axiom 


* This is the famous Axiom of the Philoſophers, Ex nihilo 
vihil gignitur; and is ſo evident a Truth (as well as the follow- 
ing Axiom) that I wonder how any Perſon can think it unfit 
to be believed, or inſerted here, which is a proper Place for it; 
ſince Icannotſee that it contains any Thing unreaſonable or irre- 
ligious, if it be granted that God cannot perform Impoſſibilities. 

+ For to ſay, that * one Thing is the Cauſe of itſelf, is ta 


ſay 
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B. Axiom VIII. F we ourſelves are not the 
Canſe of any Effect, then that Effect muſt de- 
bend on, and reſult from, ſome other Cauſe. 

A. This is a plain Conſequence of the fore- 
going; your next Axiom, if you pleaſe. 

B. Axiom IX. All Things, as far as in them 
7s, continue in the ſame State in which they be- 
gan their Being. 

A. I believe I take you right; you mean 
what was at firſt made Szraight, Crooked, 
Square, Round, &c. would of themſelves al- 
ways perſevere in that State, and of their own 
Accord would never afſume any other Figure. 

B. Very good; that is the full Meaning of 
the Axiom. 

A. Pray let me hear your next. 

B. Axiom X. Every Change is produced from 
ſome external Cauſe. 

A. Moſt certainly; for ſuppoſe I ſee a 
Flower in full Bloom lie withered on the 
Ground, I preſently conclude ſome external 
Cauſe hath made that Change in the Flower; 
which elſe would have continued vivid and 


freſh, 


B. That is the Caſe. I have one Axiom 
more to propoſe, and that is, 

Axiom XI. That every Change made in any 
Body, is always proportionable to the Powers of 
the Cauſe producing it. Thus the Motion of a 
Body 1s always in Proportion to the Greatneſs 


ſay that it exiſed before it did exiſt, which is abſurd ; or elſe | 
that its Exiſtence was neceſſary, which can only be ſaid of the 
Deity, 


Y 


n 
Oe. I Þ 
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of the Power, or Stroke, that put it firſt into 
Motion. 

A. And ate there no other Maxims of this 
Science, that are neceſſary to be diſcourſed of 
before we go farther ? 

B. Thoſe already related are ſufficient for 
this Place ; but as this Science depends on 
certain Principles, fo it is likewiſe to be con- 
ducted by certain ſtated Rules. 

A. I doubt not but this Part of Knowledge, 
which (according to the Notion I have of it) 
is very abſtruſe and difficult in many Parts, 
mult require proper Rules and Precepts for a 
due Improvement, as well as moſt other Arts. 
Pray, Sir, then, what and how many are the 
Rules of Philoſophizing ? 

B. They are in Number few, and arc 
AS OW, VIZ. 


Rule I. We muſt take Care to admit no 
more Caules of natural Things than what are 
true, and ſufficient to explain their Phaena+ 
Mena. 

Rule IT. We muſt obſerve always to aſſign 
the ſame Cauſes for the ſame natural Effects. 

Rule III. Thoſe Qualities which cannot be 
increaſed or diminiſhed, and agree to all Bo- 
dies in which Experiments can be made, muſt 
be adjudged the Properties of all Bodies in ge- 
neral. 

Rule IV. Propoſitions and Concluſions, 
deduced from actual Experiments, muſt be 
eſteemed true and accurate, notwithſtanding 

any 


Axioms and Rules of Philoſophizing. 17. 
any Hypotheſes, or received Suppgfitions, to the 


contrary ; and muſt be inſiſted on, till ſome 
other Phenomena either render them more ac- 
curate, or liable to Exception. 


A. What is the Reaſon of the firſt Rule? 

B. It is founded on this Principle: Nature 
doth nothing in vain ; but it is in vain: to do 
that by many Means, which may be done by 
fewer: Now Nature is ſimple, and never lux- 
uriates in ſuperfluous Cauſes of Things. There- 
fore, &c. 

A. That is exceeding good, indeed. Pray il- 
luſtrate the ſecond Rule. 

B. By the ſecond Rule, we are to affign 
the ſame Cauſes of Reſpiration in Beaſts, as 
in Men; of Heat in Water, as in Fire; of 
Light in Fire, as in the Sun; and of the Re 
flection of Light in the Planets, as in the 
Earth, &c. 

A. Pray give the Reaſons of the third Rule. 

B. The Qualities and Properties are not 
known to us but by Experiments; and there- 
fore whatever we find to anſwer by all Experi- 
ments we can try, mult be allowed an univerſal 
Property of all Bodies; on thoſe on whom we 
cannot, as well as of thoſe on whom we can, 
make Experiments: Nature being always con- 
ſentaneous and analogous to itſelf. 

A. Indeed the Reaſon of the laſt Rule is 
ſo obvious, that, I think, none can doubt 
it; no Perſon being ſo perverſe and pre- 
poſterous, as to affirm there is more Reaſon 


B in 
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in a bare Hypotheſis, than in Facts of Experi- 


ments k. | 
B. Yet, it is ſtrange, you'll ſay, that, by this 
very Rule, the Syſtem of the Cartefpan Philo- 
ſephy muſt fall; that Burnet's Theory of the 
World and Deluge muſt be valued at no 
reater Eſtimation, than an ingenious Romance: 
And thus muſt Mr. Vbiſton's, and all other 
World-mongers Syſtems and Theories, diſſolve 
into a philoſophical Nothing, which want ac- 
tual and repeated Experiments to ſupport 


them . 


* Theſe Rules, with the Reaſons of them, are taken from 
Sir 1/aac Newton's Principia. 

+ — Monjieur des Cartes, the great Maſter and Deliverer of 
the Philoſophers from the Tyranny of Ariſtotle, is to be blamed 
for all this, for he has encouraged ſo very much the preſump- 
tuous Pride of Philoſophers, that they think they underſtand all 
the Works of Nature, and are able to give a good Account of 
them; whereas neither He, nor any of his Followers, have giv- 
en us a right Explication of any one Thing.—His great Fault 
was, that he made no Uſe at all of Geometry in Philoſophy. 
Keill's Introduction to his Examination of Dr. Burnet's " 
of the Barth, Page 11, 12, 15. 

Concerning Dr. Burnet*: Theory, the ſame learned Gentleman 
obſerves, that His rhetorical Expreſſions may eaſily capti- 
vate an incautious Reader, and make him ſwallow down for 
Truth, what I am apt to think the Author - deſigned only 
for a philoſophical Romance. My Deſign therefore is to 
chuſe out ſome of the principal Heads of the 'I heory, and hav- 
ing ſhewn them to be fal/e and di/agreeable to the Laws of Me- 
chaniſin, the reſt muſt all fall to the Ground of courſe, 1614. 
Page 26, 27. 

As for Mr. WWhiſton's Theory, he ſays——T believe it will be 
evident, by the following Conſiderations, thata Comet could ne- 
ver have produced thoſe various Effects which Mr. Vpiſton has 
attributed to ĩt; and it will alſo farther appear that the Deluge 
was the immediate Work of the Divine Power, and that no ſe- 
condary Cauſes, without the Interpoſition of Omnipotence, 
could have brought ſuch an Effect to paſs. Remarks on Mr. 


Wi/fton's Theory of the Earth, | | 


Of Hypotbefis, Experiments, &c. 19 


CHA P. IV. 
Of Hypotheft 7s, of Experiments, of va- 


rious Inflruments for that herd er 
and their L 45 


A. RE any Kinds of Hypothe/is to be 
admitted in reaſoning about natural 
Subſea ? 

B. The Philoſophers of the preſent Age 
hold them in vile Eſteem, and will hardly ad- 
mit the Name in their Writings; they think 
that which depends on bare Hypotheſis and 
Conjecture, unworthy the Name of Philoſo- 
phy; and therefore have framed new and 
more effectual Methods for philoſophical En- 
quiries. 

A. And muſt therefore a Philoſopher in no 
wiſe have Recourſe to Suppoſitions? May he 
not be admitted to ſay, he ſuppoſeth a Thing 
may be ſo or ſo? Or muſt he immediately aſ- 
ſign an experimented Cauſe, or elſe directly 
confeſs his Ignorance? What are your Thoughts 
in this Matter? 

B. Why J muſt confeſs, to diſcard all Hy- 
potheſis from Phyſics, is to reduce it within 
very narrow Limits ; and in Truth, I think, 
it 1s falling from one Extreme to another ; I 
am perſuaded that Hypotheſis duly qualified, 
1 not abſolutely neceſſary, yet may be very 


B 2 ſubſervient 


—— ; 


20 The PHILOSOPHICAL GRAMMAR. 


ſubſervient to natural Philoſophy ; and I know 
not what Kind of Philoſophers we ſhall have 
in ſucceeding Ages, if they will receive no 
ſyſtem of Philoſophy, but what is wholly 
founded on mathematical Experiments and De- 
monſtrations . 


A. What Kind of Hypotheſis, and how 
qualified, do you allow may be uſed in Philo- 


Jophy * 


B. They muſt have moſt or all of the fol- 
lowing Qualifications. 

1. They muſt be agreeable to juſt Reaſon- 
ing. 

: They muſt be neceſſary for Want of 
Experience. 

3. They muſt be conſentaneous to Expe- 
rience. 


4. They muſt be ſufficient to ſatisfy the 


Phenomena. 
5. They muſt be naturally adapted to the 


Caſe. 
6. They muſt be poſſible on every Account. 
7. They muſt be probable in their own 


Natut 

Us Theyanuſt be free from all Suſpicion of 
Prejudice, Affection, or Prepoſſeſſion, in their 
Author. 


* When the Reaſon or Cauſe of Things does not appear, it is 
much more ingenuous to acknowledge our Ignorance, than to 
advance abſurd and extravagant Hypotheſis, or, which is much 
worſe, to have Recourſe to occult (or hidden) Cauſes and Qua- 
fities, the infamous Refuge of a vain and ignorant Race of 
Philoſophers. 


4 | #: 1 


Of Hypotheſis, Experiments, &c. 21 


A. I believe, Sir, few will deny you the 
Uſe of Hypotheſis thus circumſtanced and 
qualified: But pray, what Kinds of Demon- 
{trations are thoſe by Experiments, which you 
intimate they rely ſo much upon ? 

B. The very beſt all Nature can produce; 
they far exceed the keeneſt Glance of the Eye 
of Reaſon, and nothing but Divine Revelation 
can inform us more truly of the intimate Na- 
ture of Things. 

A. Very wonderful indeed! Happy the 
Age in which this Art received Improvements 
from ſuch extraordinary Inventions. Pray, 
who were the firſt Authors of improving Pi- 
Lofephy by Experiments? 

B. Their Names are recorded in the Book 
of Fame; have you not ſeen therein the glar- 
ing Characters of Bacon, Boyle, Sir Iſaac 
Newton, Woodward, Dr. Halley, Ray, Derham, 
and ſeveral other exalted Philgſophers? Some 
of whom are now living; and others ſubſiſt in 
marble Monuments to gratify the Curioſity of, 
and be admired by, all Poſterity. 

A. Yes, I have heard of thoſe great Names 
vou mention; but not being very converſant 
in the learned World, know. but little about 
Dee yet take an exceſſive Pleaſure in hear- 

Relations of them, and the wonderful 
Things they have diſcovered. 

B. I am glad to find in you ſuch a Diſpoſi- 
tion, and queſtion not but you will be highly 
gratified with the Series and Sequel of our 
Diſcourſe. 


B 3 21 


22 The PHILOSOPHICAL GRAMMAR. 
A.T believe I ſhall ; but to the Point: In 


what Manner, I pray you, are thoſe Experi- 
ments performed? for, as you have ſeen the 
Manner thereof, you can well inform me. 

B. They who have reduced experimental 
Philoſophy to Method, and make it their Bu- 
ſineſs to teach it others, prepare a large Ap- 
paratus of Inſtruments of all Kinds, to the 
Value of five or fix hundred Pounds; and at 
ſtated Times, in a very large Room, there is 
an Operator appointed to perform a Courſe of 
Experiments therewith, in all the various Parts 
of natural Philoſophy, in the open View of 
all who are preſent to ſee and learn the Manner 
thereof. | 

A, Cannot you give me ſome particular Ac- 
count of thoſe Inſtruments, and the Manner 
of uſing them ? | 

B. It is the Subject of a large Volume to 
deſcribe them with their Uſes in particular: 
However, of ſuch as are moſt common, to be 
had in the eaſieſt Manner, and which you 
yourſelf may underſtand, and uſe if you 
pleaſe, you may take the following Account. 

The Teleſcope is an optic Inſtrument, where- 
with to view diſtant Objects, which it greatly 
enlargeth, and makes them ſeem near us; by 
which Means the Aſtronomers and Philoſophers 


have made wonderful Diſcoveries in the Sun 
Moon, and Planets *. 


The 


* The Word Tele/cope is derived from rei, to perfect, and 
cui, to view; as being an Inſtrument that perfeds our View 
or 


Various Inſiruments deſcribed. 23 


The Mzcroſcope is contrived to augmentand 
render viſible very minute and ſmall Objects, 
which otherwiſe eſcape the Sight “. 

The Heligſcope is a Sort of Teleſcope, fitted 
ſo, as to look on the Body of the Sun with- 
out Offence to the Eyes Þ. 

The Barometer, or Baroſcope, is contrived 
to eſtimate the ſmall Variations of the Weight 
or Preſſure of the Air 4. 


The 


or Sight of diſtant Objects, to the greateſt Degree poſſible. Te- 
leſcopes are of two Sorts ; Dioptrical, which perform all by Re- 
fraction; and Cata-dioptrical, which perform by Reflection and 
Refra#ion jointly. Since the Surfaces of Bodies are increaſed 
in Proportion to the Squares of the Diameters or like Sides, the 
Light falling on them will be diminiſhed in that Proportion; 
and conſequently the more an Object is magnified, the more 
obſcure alſo it appears: Thus if one Glaſs magnifies the Breadth 
or Length of an Object ten times more than another, it will 
appear indeed an 1co times bigger, but withal an 100 times leſs 
bright than in the other. Therefore the more a Teleſcope ex- 
ceeds the Length of five or ſix Feet, the worſe it is for viewing 
Terreſtrial Bodies ; but for Ce/e/#ial ones, the greateſt Magnifier 
is the beſt, becauſe their Light cannot be leſſened to any Diſ- 
advantage, it being ſo very great. 

* Microſcope is compounded of unde, ſmall, and cori, to 
view; becauſe by it ſmall Objects are apparently magnified 


to the Sight. Ia this, alſo, the larger the Object is made to, 


appear, the more obſcure it will be; and therefore in large 
Magnifiers, it is neceſſary to illuraine the Object very ſtrongly 
with the Light of the Sun or Candle, by means of a Zens, or 
reflecting Mirrour. | 


+ Helio/cope, from . , the Sun, and oworiw, to view; it is 


beſt made by ſmoking a Piece of Glaſs with a Candle, and 
putting it before the Eye-Glaſs of a Teleſcope next the Eye; 
for then the Sun may be viewed in his Meridian Splendour 
without the leaſt Offence. 

Barometer is ſo called of gage, Weight, and uerpiw, to 
meaſure ; becauſe it meaſures the Heawine/s or Weight of the At- 
moſphere. The common Barometer (called the TorricellianT ube, 


from its Inventor Torrice/lius an Italian) is a Glaſs Tube of 
B 4 about 


"IS 


. verſatile; the lower End of which de 


\ 
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The Anemoſcope is an Inſtrument invented 
to foreſhew the Change of the Air or Wind *. 
The Holipyle is contrived to ſhew the Na- 


'ture and Force of pent-up Air, rarefied and 


breaking forth, reſembling a Tempeſt, &c. 


about three Feet in Length, and % or of an Inch Bore, herme- 
tically ſealed at one End, and at the other it is filled quite full 
of Quickſilver; and thus immerſed in a ſmall Veſſe] of Quick- 
ſilver, that in the Tube will fink down, or run out into the 
Veſſel till it remains in the Tube between 28 and 31 Inches 
perpendicular Height; and this Column of Mercury in the Tube 
is equal in Weight to a Column of Air of the ſame Baſe, and of 
the Height of the Atmoſphere, and conſequently 1s ſuſpended 


by it; which therefore, by its riſing higher or falling lower, 


ſhews the proportionally greater or leſſer Weight or Freſſure of 
the Atmoſphere. Now ſince the Difference of the leaſt and 
greateſt perpendicular Height is in this Tube but about three 
Inches, therefore divers Contrivances have been made to render 
this Motion of greater Length in ſome other Direction, that 
thereby the Variation of the Air's Weight might be rendered 
more ſenſible, or more exactly meaſured : Hence aroſe divers 
Kinds of this Inſtrument, as the Diagonal, the Wheel, the Ma- 


chine, &c. in Barometers; for a large Account of which, ſee Har- 


ris's Lexicon, or Rowning's Diſſertation on the Barometer. 

* Anemoſcepe, from deu , the Wind, and c, to view; 
becauſe by it we ſee what Point or Part of the Horizon the 
Wind is upon at any Time. A very good Anemaſcope may be 
made on the Top of the Houſe (affected directly by the Wind 


on all Sides) by means of an Iron Rod ſtanding a conſiderable 


Height in the Air, with a Vane fixed . the Top to render it 
cending, the Covering 
all have a large Index or Hand, turning upon the Cieling of 


the Room, in the Center of the Compaſs duly deſcribed thereon; 


for then the Index will always ſnew the Point to and from 
which the Wind blows. 

+ Dolipyle (from Albàu xd, the Gates of olus, the God 
of the Winds) is a ſmall hollow Globe of Braſs, &c. with a 
ſmall Neck and Hole, which being heated red hot, and thrown 


into a Veſſel of Water, the Water will ruſh into the Cavity al- 


moſt void of Air, and fill it; the Ball then ſet on the Fire 
again, the Water will be forced out, in vaporous Streams, with 
great Noiſe and Violence, and by Fits, by the Rarefaction and 
Spring of the internal heated Air, 

| The 
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Various Inſtruments deſcribed. 25 


The Areometer is an Inſtrument to meaſure 
the ſpecific Gravity of Liquids *. 

The Hygroſcope is an Inſtrument to ſhew 
the Moiſture and Dryneſs of the Air . 

The Thermometer meaſureth the Degrees of 
Heat and Cold in the Air 7. 

| | The 


*Afreometer, I ſuppoſe, is from &gales, rare, and wilpio to mea- 
ſure; tho? it meaſures not the Rarity, but Gravity of Liquids, 
The common Areometer, or Water-Poiſe, is made of thin Glaſs, 
of the Form repreſented in Plate 1. Fig. 1. fronting p. 25, which 
being hollow, receives ſomuch Mercury as will keepitſwimming 
in an erect Poſition ; then the Stem being nicely graduated, the 
Surface of the Liquids, into which it 15 1mmerſed, will cut off 
more or fewer Degrees ; that is, the Ball will fink more or leſs, 
as the Liquids are ſeverally of a leſſer or greater Gravity. A new 
Areometer is deſcribed in Philoſ. Tranſ. N? 262, which ſee. 

+ Hygro/ſcope (derived of es moiſt, and oxoriw to view) 
is an uſeful Inſtrument to be made ſeveral Ways. The eaſieſt 
and beſt of all is that made with a String of Whipcord faſtened 
to a Hook in the Cieling, and at the 23 End of which is 
fixed a Weight of about half a Pound, with an Index at the Bot- 
tom thereof a Foot long; and under it a Table, &c. with a 
large Circle divided into an 1009 equal Parts or Degrees, ſo fit- 
ted that the Centre of the Index hangs juſt over the Centre of 
the Circle. For this, after the String has been duly ſtretched, 
nicely ſhews, by its Twiſting and ContraQtion, the Moiſture, and 
by untwiſting and lengthening, the Dryneſ of the Air, in the 
Motion of the Index this Way and that over the ſmall Diviſions 
of the Circle. See ſeveral other Kinds in Harris's Lex. Tech. 
under the Word Hygro/cope. | 

t Thermometer comes from Jiu, Warmth, and prrpiw, to 
meaſure; the common Sort is the beſt, which is generally added 
to the Barometer, It conſiſts of a Glaſs Tube filled with Spirit 
of Wine of a red Tincture; in making it, the Tube is heated 
very much in the Flame of a Candle, which cauſes a Vacuum 
in ſome Degree therein ; then immediately the open End is 
dipt into the ſaid Spirit in a Veſſel, which, by the Preſſure of 
the Air, 1s made to aſcend therein, till the Ball and Tube-part 
be filled to a neceſſary Height. Then having a Piece of Paper, 
Sc. graduated from a certain Point on For. Side, to 100 De- 
grees, put the Ball into Water juſt beginning to freeze, and 
place the Surface of the Spirit in the Tube at that Time — 

the 


26 The PHILosoOPHICAL GRAMMAR. 


The Hydreſtatic Balance is an exceeding ex- 
act fine Pair of Scales for making Experiments, 
relating to the Gravity of Fluids *. 

Dioptric Inſtruments of various Sorts ex- 
plain the Nature of refracted Rays of Light 
through various Mediums . | 

Catoptric Inſtruments are alſo manifold, 
which ſhew the Nature of reflected Rays of 
Light . | | 
The Pneumatic Engine, called the Air- 
Pump, is the moſt univerſal of all others; it is 
the very Baſis of the Philoſophy of the Air, 
and hath opened a greater Door to the Secrets 
of Nature, than any Thing that was ever in- 
vented beſides ||. 

The 


the (o) in a graduated Line, and the Thermometer is adjuſted 
for Uſe. This is an Inſtrument of admirable Uſe in the Hands 
of a ſkilful Perſon, in diſcovering the Degrees of Heat and Cold 
in Air, Animal and Vegetable Bodies, Liquids, Hot-beds, &c. 
See + farther Account hereof in Dr. Hook's Micrograph. Page 
e. 

y * Hydroſtatic is from 93uz, Water, and can, the Art of 
Weighing. The Inſtrument I make uſe of for finding the ſpe- 
cific Gravity of Solids and Fluids is different from, and much 
better than, the common Hydroſtatic Balance, as I ſhall ſhew 
when I am arrived at that Part of Philoſophy. 

+ Dioptric (of zis xlouai, to ſee thro? any Thing) is a Term ap- 
plied to all Optic Inftruments which conſiſt of Lenſes, one or 
more; as Teleſcopes, Microſcopes, Magic Lanthorns, and Camera 
Obſcura, &c. becauſe by them we jze Objects thro' the Medium of 
Glaſs, i. e. by Rays refracted through the Lenſes. 

{ Catoptric (ad ron, a Mirrour) is a Term applied to all 
Kinds of Glaſs, Oc. Mirrours, whether plane, convex, concave, 
circular, cylindrical, &c, becauſe by them we ſee Objects by 
Rays of Light refleFed from their Surface, which is called Re- 
flex Viſion, | 

[| Pneumatic is from xutua, Spirit, Air, Wind; becauſe the 
Air-Pump exhauſts the Air out of Bodies, placed in a proper 
Veſſel, called a Receiver, | 
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Various Inſtruments deſeribea. 27 


The Orrery, which ſhews the Movements 
of all the Heavenly Bodies in the Solar Syſtem 
about the Sun (by a noble Piece of Mecha- 
niſm) all the Phenomena whereof are nicely 
correſponding to the Truth *. 


A Deſcription of this moſt ſuprizing and uſeful Engine, ac- 
cording to Mr. Hawkſfbee's Improvements thereof, take as follows. 

The whole Structure of the 4ir-Pump, in which a, à are 
two ſtrong hollow Barrels, or Tubes of Braſs, in which two 
Emboli, or Suckers, are moved up and down by their Racks 
c, c, in whoſe Notches a Cog-wheel falls, which moves upon 
the Axis f, when the Winch 3 is turned ; g, g are two Pillars 
of Wood fixed on the Frame at Bottom, and having Screws at 
Top on which the Nuts e, e do run, and preſs down the 
Piece , F upon the Tops of the Barrels, to fix them at Top 
and Bottom ; h, h is a Swan-necked hollow Braſs-Pipe, which 
communicates with an hollow Braſs Piece » above, and an- 
Other in the Box 4, d below; the Piece alſo opens into the 
Cavity of the Receiver o, o, by a ſmall Hole in the Top Plate 
1, 7, on which it is placed: Alſo the Pipe in the Box 4, 4 
communicates at each End by a ſmall Tube with the Barrels 
g, g; and thus there is a Communication between the Bar- 
rels and the Receiver o, o, by which Means, the Air in the 
latter is exhauſted by the Suckers of the former. Moreover, 
, I is a Gage, being a Barometer with its Baſon of Mercu- 


ry in, and its boxen Index graduated into Inches and (above 


28) the Tenths of an Inch; this Index is ſet on a Piece of 
Cork which floats on the Surface of the Mercury, that it mey 
riſe and fall with it, and ſo exactly meaſure the Height of the 
Mercury in the Tube above the Surface of that in the Baſon. 
For this Barometer is open at Top, and communicates with 
the Receiver, ſo that the greater or leſſer Quantity of Air 


therein is ſhewn by the leſſer or greater Height of Mercury 


in the Tube. In the Pipe » is a Stop-cock, that alſo commu- 
nicates with the Receiver, and either excludes or re-admits the 
Air, as Occaſion requires. On the Braſs Plates &, at the Top of 
the Frame, are placed wet Leathers to ſet the Receiver upon, 
which effectually exclude all the external Air, while the internal 
is exhauſting by the Operator. And this is the Conſtruction 
of the Air-Pump in common Uſe, All which is exemplified by 
= Copper-Plate II. repreſenting an Air-Pump, and fronting 
this Page, | 

1 See the Figure of the Orrery publiſhed by Mr. Thomas 
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A. Sure, wonderfully curious and delightful 
muſt it then be, to ſee all thoſe extraordinary 
Things performed by ſuch nice Inſtruments ! 
Alas! how great is the Ignorance of the Ge- 
nerality of Mankind ! what wretched, unwor- 
thy, and uncouth Notions have we conceived 
of the World and Things therein ! We think 
ourſelves learned, if we know how to find gut 
a Word in Bailey's Dictionary, little dream- 
ing ſo much Pains, Expence, and Time} ne- 
ceſſary to acquire but a partial Knowledge, 
and to be eſteemed but moderately learned ! 

B. Well, but don't be diſcouraged ; the 
Knowledge of theſe Things will be much 
eaſier and cheaper to us, than they were to our 
Forefathers ; what coſt them Pounds, we may 
have for ſo many Pence; what coſt them 
Years of Study, Fatigue, and Diſquietude, we 
may acquire with Eaſe and Pleaſure in a few 
Days or Months ; what they rejoiced to come 
at by Piece-meals, and in an imperfect Man- 
ner, we have preſented, as in one entire me- 
thodical View. Wherefore, if we are igno— 
rant, it is becauſe we are idle and indolent in- 
deed : If we live ſatisfied only with the vulgar 
erroneous Notions of fallacious Senſe, and en- 
deavour not to rectify them by the Precepts 
of refined and learned Reaſon, and the Methods 
put into our Power ; in vain then hath God 
given us Ability to be ww7/er than the Fowls of 
Heaven, and to have more Underſtanding than 
the Beaſts which periſh. 
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H. 


SoMATOLOGY, treating of the common 
Mature and Properties of all na- 
tural Bodies, 


A. H A T do you call Somatology ? - 

B. That Part of Phy/ology which 
treateth of Matter or Subſtance in general, 
with the Nature and infeparable Properties of 
all Bodies conſiſting thereof. 

A. What is e in the Original of the 
Word Somatology ? 

B. The very ſame Thing; for it is com- 
poſed of the two Greek Words, owuale, Bo- 
dies, and Aoyoc, a Diſcourſe; i. e. 4 Diſcourſe 
of natural Bodies. 

A. What do you mean by Matter? 

B. The Subſtance, or Eſſence, of which all 
Things in the Univerſe conſiſt. | 

A. Is there any Difference between what 
you call Matter and Body? 

B. No; excepting Ms that the latter is 
uſed often in the P/ural, for the ſeveral ſmall 
Parts and Diviſions of the common Subſtance 
of the Univerſe ; 1. e. they are called Bodies. 


A. Is the intimate Nature of Matter to be 
known? 


B. No; 
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B. No; this is- concealed from human 
Knowledge; all we can diſcover of natural 
Bodies, are ſome few Properties and Affec- 
tions thereof, which are more. obvious to our 
Senſes. 

A. Is the Matter of all Bodies the ſame ? 

B. Yes; what the Philoſophers call the 


- primary conſtituent Particles, Atoms, or Cor- 


puſeles of Matter, which conſtitute Bodies of 
infinite Kinds, are yet the ſame, or of the 
fame Nature, among themſelves, in all thoſe 
Bodies. | 

A. And is not this the ſame Thing as to ſay, 
that Fire and Water, a Flint and Down, Gold 
and Dung, &c. are the fame Things with re- 
ſpe to the Matter of which they conſiſt ? 

B. Yes, they are ſo; and what thence do 

ou infer ? 

A, What then ? why then, I believe, you 
will have few Diſciples amongſt the common 
People; and ſeveral will think they give it a 


* Dr. Woodward aſſerts Matter to be originally and really 
very different ; being at its firſt Creation divided into ſeveral 
Ranks, Sets, or Kinds of Corpuſcles ; that thoſe of the ſame Kind 
are every where alike and uniform; but thoſe of i ferent Kinds, 
differ not only in Sub/ance, but in all the Qualities obſervable 
in Bodies compounded of them. And that from hence ariſe the 
Differences in Colour, Taſte, Smell, Hardneſs, Gravity, &c. in 
all Bodies. See his Eſſay towards a natural Hiſtory of the Earth. 
Part v. p. 229, 230. This is the Doctrine alſo of the Carte- 

1 — tho' abundantly confuted by the Newtonians. See Newt. 

rincip. p. 388. Optics, p. 313. Mufſchenbroek's Elem. Phyſ. 
Matth. § 61, 83, 383. Cheynes Phil. Princip. p. 59. Boyle 
on the Principles of natural Bodies. Ray on the Creat. p. 68, 
85. Keill's Introd, ad ver. Phyſ. Sect. viii. 


better 


| of Matter; whether Nite, &e e. 33 
better Term than it deſerves, if they call ſuch 
Aſſertions philoſophical Romaticing. 


B. It is very probable; that i may be 61 
but the real Nature and unchangeable Truth 


of Things are ſtill to be infiſted on, though 


they are unknown to, and gain no Credit with; 
the Vulear. 

A. Is Matter finite, or infinite? 

B. Finite; and limited within certain Spaces 
ind Bounds, in the various Parts of the Unis 
verſe *. | 

A. How 18 Matter, or Body, comtnonly 
conſidered ? 

B. As having three Dimenſions, vis. Length 
Breadth, and Thickneſs .* * © 

A. Is this Conſideration of Matter the moſt 
philoſophical ? 

B. No; it is too vulgar and defective. 

A. What is a more accurate Method to ac- 
quire the beſt Knowledge and Ideas of Matter, 
or Bodies; that we are capable of ? 

B. By conſidering thoſe Properties and Af. 


fections thereof, which ate obvious to us, and 


beſt known by us. 

A. How are the Properties of Bodies dif- 
tinguiſhed ? 

B. Into thoſe which are eommon to all 
alike, and thoſe which are peculiar to each in 


The Cariiſians abſurdly place the Eſſence of Matter in FN 
tenſion, and conſequently make it infinite, as being then the ſame 
as Space itſelf. But the Newtonian placing it in /olid impene- 
rrable Corpuſcles, or Atoms, make it finite. See Nequr. Princip. 
p. 316. Cotes's Pref. thereto. Maſſchenbroek, Part i. Chap. iv. 
* Introd; Lect. ii. Clarke's Notes on Rohault, p. 22. 


C parti- 


\ 
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particular : The firſt are called Commbn and 
Eſſential, the latter Specific and Accidental. . 


follow: 


A. Which are the Properties of the firſt 


Sort? 


B. They are generally reckoned thofe which 


I. Extenfion, for all Bodies are extended. 
II. Divzſibility, for all Bodies may be di- 
vided. 1 . 

III. Solidity, for the Particles of all Bodies 
are hard. . | 

IV. Figurability, for all Bodies have ſome 
Form or Figure. . 

V. Mobility, for all Bodies are capable of 
being moved. 

A. Is this Enumeration of the common 
Properties of Bodies every Way juſt, and equal 
in all Things? | | | 

B. No, I do not think it is; for, firſt, they 
may all be aſſerted of the whole Body, ex- 
cept Solidity, which agrees only to the Par- 
ticles of Bodies: Again, other Properties may 
as univerſally be aſſerted of Bodies as ſome of 
theſe, as Durability ; for a Body is no leſs in- 
finitely durable, from its Nature, than it is in- 
Anitely diviſible. | | 

A. Which are thoſe other Properties of Bo- 
dies, which you call Specific or Accidental ? 

B. They are generally reckoned the fol- 
towing : 


Properties, Qualities, of natural Bouier. 35 


I. Ligöt. 

II. Colours. 

III. Sound. 3 

IV. Gravity and Levity, 
V. Attraction and Electricity. 
VI. Tranſparency and Opacity. 

VII. Denfity and Rarity, * 

VIII. Hardneſs and Softneſs. 

IX. Rigidity and Flexibility. 

X. Canſiſtence and Fluidity, 
XI. Heat and Cold. | : 
XII. Humidity and Siccity. 

XIII. Elaſticity. 

XIV. Oaours and Sapours. 


A. What do you call the Elements of na- 
tural Bodies 

B. Thoſe pure and fimple Subſtances, of 
which all groſs and mixed Bodies are ſaid to 
conſiſt ; and into which they may ultimately 
be reſolved, or reduced. FL 

A. How many are thoſe Elements? 

B. The Ancients counted ſeven, viz. Fire, 
Air, Water, Earth, Salt, Sulphur, arid Mercury. 

A. How many do the Moderhs reckon ? 

B. Some of the modern chymical Philoſo- 
phers reckon five, viz, Mercury, Phlegm, Sul- 
pbur, Salt, and Earth, Others teduce them 
to three, vis. Mercury, Sulphur, and Salt. 
Whereas, in Reality, there are no other Ele- 
ments of natural Bodies than the primoge- 
nial Particles of Matter, or Subſtance, of 
K C 2 which 


/ ExrzxsION, and the MaaniTupe 
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which they conſiſt univerſally, and endued 
with the Properties above mentioned *. 


CHAP. I. 


and DimEnszoNns of natural Bonis. 


A. W you ſaid, the firſt of the 


univerſal and eſſential Properties of 
Matter, or Body, was Extenſon ; pray explain 
what is meant thereby. 

B. Extenſson of Matter, is the Quantity of 
Bulk, or Size, into which the primogenial 
Particles of Matter are diſtributed, or extend- 
ed, in any natural Body. 

A. What ariſeth hence? 

B. The Doctrine of Magnitude, and Di- 
menſion of Bodies. 

1 2 What do youcalt the Magnitude of Bo- 
ies 

B. Their Size, or Bulk, or Quantity of 
Space, which they take up. I 

A. How do you compute, or eſtimate the 
Magnitude of Bodies? 

B. By the Quantity of their Dimenfions. 

4 45 What do you call the rg ons of Bo- 
ies! 


That there is but on- Element of all Bodies, dix. c. SuBRance, 
Ee is Jargely hewn by the Authors quoted in Page 33. 


B. Their 


Of Magnitude and Dimenſions sf Bodies. v3 

B. Their Exten/ion in Length, Breadth, and 
Thickneſ;, or Depth; and theſe are the coms 
mon Terms or Bounds, which limit the Sub- 
ſtance of all Bodies. 

A. Have all Bodies theſe three Dimenfions 

B. Yes, they have; though one, or two, or 
all of them, eſcape our Senſes; yet, they ne- 
yertheleſs exiſt together in all Bodies. 

A. How do ſome then ſay that a Point hath 
no Dimenſions? © 

B. They mean by this, a Point, or the ſmall- 
eſt Part of Space, which, naturally ſpeaking, 
is Nothing, and therefore! hath no Properties. 

A. How are Bodies differenced, ban rea 
ſpect to their Dimenſions ? 

B. They are by Machematieians, on that 
Account, diſtributed into Points, Lines, dus 
perficies, and Solide. | 

A. As how ? 0 3691 

B. They eall that a Point, when all he three 
Dimenſions are ſo very ſmall, as to be altoger 
ther imperceptible, as the Speck A: A Line, 
is that which appears to have no Breadth or 
Thickneſs, as BC: A Superfictes, that which 
hath Length and Breadth, but no perceivable 
Thickneſs, as ABCD : Lafth, they call that a 
Solid, which hath evidently All the three Di- 
menſions, as the Solid 8; whoſe Length is 
AC, its Breadth AB, und its Thickneſs, or 
Depth, AE. See Fig. I, II, III, and IV. on 
Plate IV, fronting p. 70. 

A. How many are the Degrees of Magni- 


gude? 
C3 B. They 


— 6 
" . 
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B. They are infinite; for no Body, however 
great or ſmall, can be given, but another may 
be conceived greater or ſmaller than it; as [ 
ſhall demonſtrate to you when we diſcourſe of 
the Diviſibility of Matter. | 

A. How are Bodies, ar Things, faid to be 


great or ſmall ? 


B. Greatneſs, or Smallneſs, are only jelative 
Terms; and Things: are great or ſmall only, 
as they are compared one with another : 
Thus a Mountain two of: three Miles high, is 

a great ane, and one not aboye two or three 
Perches high, is a ſmall one, when they are 
compared together. 

A. Then, I ſuppoſe, you count it impro- 
per and unphiloſophical, to ſay any Thing is 


abſolutely great or. ſmall ? 


B. Moſt certainly it is; becauſe the ſame 
Thing is either great or ſmall by Compariſon 


only: Thus a Hog is a ſmall Creature, com- 


pared with the largeſt Elephant; but it is a 
great Creature, when compared with a Louſe 


that crawls on his Back. 


* ST 40 Þ 


CHAP. 


ol e 


C H A P. III. 


Of the Drrrioreruery of Matter, 4 
the INFINITY thereof, and of : 
wonder ful DvucTiLiry and Dijvi- 
$IBILITY of ſeveral Bois, 


A. THAT is the Diviſibility of Matter? 
B. It is that univerſal Property 

or Diſpoſition of a Body, whereby it is capa- 

ble of being divided or reduced into Parts, 

either actually or mentally. 

A. How far axe Bodies capable of being 

divided ? 

B. A Body is diviſible in infinitum, or with- 
out End. 

A. This is a wonderful Doctrine! What 
will you fay, that a very ſmall Particle of 
Matter is capable of being divided into Parts 
Nill leſſer and leſſer, through all the Ages of 
Eternity? 

B. Ves and as wonderful as it is, it is ca- 
pable of no leſs than a plain mathematical 
-Demonſtration. 

A. Do you ſay fo! I wiſh it may be ſuch 
as I can underſtand; pray let me ſee it, hou- 
ever. 

B. I will, and I'll engage that you or any one 
may underſtand i it; and it is thus. Let EF (Fig. 
V. on Plate IV, fronting p. 70.) be a right Line, 


C 4 I fay, 


40 The PAILOgOPHIGAL GRAMMAR. 


I ſay, that Line may be divided into a Number 
of Parts, exceeding any finite Number; and it 
is thus demonſtrated. © Through E and F, the 
two Extremities of the Line, let there be 
drawn the two parallel Lines AB, CD; and 
ſuppoſe they were infinitely extended to the 
right Hand, then it is evident, that in the Line 
CD, infinitely extended, there may be taken 
an infinite Number of Points, 4. A, g, . 4, 
&c. Now if to each of thoſe Points there be 
drawn ſtraight Lines from the Point A7(takeg 
in AB, to the left of the given Line EF ) each 
of thoſe Lines Ag, Ab, Ac, &e. will cut off g 
ſmall Portion of the Line EF; but becauſe 
the Points a, &, c, &c, are Care: in Number, 
io likewiſe are the Lines Ag, Ah, Ac, &c. and 
conſequently the Parts, or ſmall Portions, they 
will cut off of the Line EF, will be infinite i in 
Number alſo; and thus it is manifeſt, that the 
Line EF, howepet ſmall, may yet be divided 
into an infinite Number of Parts 

A. Indeed it is ſo plain, that I muſt confeſs 
-and believe it : And what may we infer from 
this wonderful Property of Matter? 
B. Firſt, That the leaſt Particle of Matter 
is capable of an infinite Diyilion, « as well as the 
greateſt. 


For i it is . that all the Parts of the Line EE, or the 
leaſt particle thereof next E, ſhould be cut off, unleſs we can draw 
a Line from the Point A to the Line CD which ſhall at the ſame 

| Time coincide with AB: But that this is impoſſible, every Tyro 
in Geometry can eaſily conceive and demonſtrate. See this Pro- 
perty in various Ways demonſtrated by Dr. Neill, in his third 


and fourth Lectures ip, his Atnedutkien ta Natural 4 
| Second 2 
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- Sandy That there is no ſuch thing as ins 

finitely (mall Particles of Matter. 
_ Thirdly, That the original or primogenial 
Particles of Matter, into which it may be ul - 
timately reduced, are altogether paſt human 
Comprehenſion. + 

Fourthly, Hence we learn what wonderous 
Effects a Call Piece of Matter may produce 
by its Divifbility and Ducrilie. 

6 What do you call the Dutility of Mat- 
ter 

H. That Diſp aſtion wy it, whereby it is ea» 
fly drawn out — Length, or Breadth. _ | 

A. What curious and extraordinary Inſtances 
have you of this Kind? 

B. I think the following very remarkable, 
US) 

Mr. Boyle faith, a Piece of Silk, weighing 
two Grains and a half only, was drawn out 
into a Thread three hundred Vards long. 
He faith alſo, that one Grain of Gold 
may be beat into a Leaf of N. ſquare 
Inches. 

I then an Inch in Length. be divided into 
two hundred Parts, the Eye may diſtinguiſh 
them all; wherefore in one Grain of Gold 1 
2090000 of viſible Parts. 

An Ounce of Silver may be gilt with 
i Grains of Gold. which afterwards may 
drawn out into a Ware yk 1309 Feet 


lon 
Dr. Holley has made it. appear, that 124500 
84 thoſe very fine Skins of Gold, uſed in gild- 


* ing 
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ing Silyer-wire, do not in Thickneſs exceed 
an Inch. Beſides ſeveral other Inſtances. 

A. Theſe Things are very admirable in- 
deed. Whatother remarkable Diſcoveries have 
iſſued ſrom the Diviſibility of Matter? 

B. The extraordinary Subtility of Matter, 
and the Tenuity or Fineneſs of its Parts, will 
=_ appear by theſe Inſtances. | 
=_ A. Mr. Boyle hath found, that one Grain of 
=_ Copper will tinge 28534 Grains of Water ; 

and therefore in a Drop of Water, whoſe Dia- 
meter is one hundredth of an Inch, there are 
contained 211400 viſible Parts of Copper, 
reckoning only an 100 to an Inch. 

Again, Dr. Keill hath computed the 
| Magnitude of A Particle of A Fetida, 
; to be see Parts of a Cubic 

Inch. 
He has likewiſe ſhewn, Alt one of thoſe 
Globules of Blood, which circulate in the Veins 
of ſome very ſmall Creatures, doth not exceed 
Parts of a 


the. — =, 


Cubic Inch. 

Once more, he hath alſo danonfirat. 
ed, that one Grain of Sand will contain 
12 5000000000000000000000000 of the a- 

foreſaid Blood Globules; that is, 102 56 Times 
more than the higheſt Mountain upon Earth 

Contains Grains of Sand. 

x  Lafth,. Hehath ſhewn the leaſt Particle of 

nj | Matter ſhall be made to fill the greateſt Space 

'v' (ſuppuſe the Orb of Saturn} ſo that there 


ſhall be no Pore therein, whoſe Diameter 
I, mall 


* 
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ſhall exceed the 1000000000000th, Cc. Part 
of an Inch *, 


They who would ſee much more on the extreme Ductility 
and Subtility of Bodies, may conſult Rohaul:'s Phyfics, Part I. 
Chap. q; Dr. Clarke's Notes thereon ; Mr. Boyle in his Boo 
of Efluvia; Dr. Halley in the Phileſ. Tranſ. No 194 and 
eſpecially Dr. K:i/Ps Fifth Lecture of his Introduction to Na- 
tural Philoſophy. 

It may not be acceptable to the Reader to have ſome Idea 
of the ſurpriſing Smallneſs of Microſcopic Animalcules, from 
Calculation, Suppoſe ſuch an Animalcule be AB (See Fig. II. 
vn Plate I, fronting p. 25.) which is made viſible by the Lens 
C at the Diſtance of BC, which ſuppoſe one Tenth of an 
Inch; then will the Angle ACB be equal to one Minute, for 
wade ſuch an Angle an Object will but juſt appear or be 
viſible. | 

Then in the Right-angled Triangle ABC, there is known 
the Side BC = s of 2 and the Angle C=09® 1, to 
find the Side AB, the Length of the Animalcule, which is 
chus found, by Trigonometry. | 


As Radius — 10. 
To the Baſe AC =@&-1 g. oooooo 
So is the Tangent of ACB = 0? 1' ' 6.463726 


To the Side AB = 9 5.463726 
That is, ſuppofe an Inch divided into a Million of equal 
Parts, this Animalcule AB will be no more than 2g of thoſe 
Parts in Length, | Ny vue off | 
Suppoſe it were as wide as long, the whole Surfage thereqf 
would be 0.00000000084 ; that is, 84 of an Hundred Thou- 
ſand Million of equal Parts of an Inch Square. | | 
 Laftly, Suppoſe it of a Cubic Figure, it will then be but 
| o. ©O0000000000024, 1. . TISEIECEETEEFEEES or 24 of 2 
Thon ſand Millions of Millions of equal Parts of a Cubic Inch. 
If then the Animalcyle itſelf be of ſuch an inconceivable 
and ſtupendous Smallneſs, how ſmall muſt the fineſt Particles 
of the Fluids be which flow through the fineſt Veſſels of its 
organized Body ! This doubtleſs exceeds all Calculation, and 
the Force of Imagination itſelf '  * © 
' ; ; We” | 


1 N A p. IV. 
27 the r and FiouraBILITY 
of Bopdits, | 
A. "HAT is that common Property 


| of Matter, or Body, which you 
call Sotigit 

B, 25 is that property, whereby a Body 
reſiſteth all others that preſs it on every Side, 
and whereby it hinders all other Bodies from 
entering into that Place which it poſſeſſeth, 
though they are forced againſt it ever fo vio- 
lently. 

A. Then ſupper F preſs a Body e eyer ſo 
forcibly between my Hands, that Property 
which prevents my Hands from coming to a 


mutual Contact, you call Solidicy, if I under- 
ſtand you right? 


B. Ves, 1 do ſo; and this Property i is the 


Ground or Cauſe 5 all Reſiſtance in Bodies. 


A. Is not this a new Term for this Proper- 


ty d 


B. Ves, it hath been formerly called Inipe- 


netrability; becauſe two Bodies cannot pene- 


trate each other, or be in the ſame Place at 
once *. 


* 


* Some have compounded theſe two Terms, and called this 
Property of Matter Impenetrableolidity ; - and which does cer- 


poly better expreſs 1 it than either of the Words fingly. 
A. And 


Of Jolidity and the Figure of Bodies. 46 

A. And is this Property of Matter the ſame 
in liquid or fluid Bodies, as it is in hard or 
fixed ones? | 

B. The very fame; for a Drop of Water, 
or a Particle of Air, remaining fixed between 
any two Bodies, will no leſs hinder their Con- 
tact, than an equal Quantity of Steel or Dia- 
mond would do. 

A. Pray what is that you call Figurability 
of Body or Matter? 

B. That univerſal Diſpoſition thereof, where- 
by it is neceſſitated to appear in, or put on ſome 
Sort of Shape, or Figure, or other. | 

A. Wherein doth the Shape or Figure of 
Matter conſiſt ? | 

B. In the Manner, or Mode, or Faſhion, 
of its Extremities, or external Superficies, 
within which it is contained. 

A, Is it not the ſame with what is called 
the Form or Modification of Matter ? 

B. Yes; and fince the Forms of Matter are 
only the Shape, or Faſhion, of its terminating 
Extremities, we muſt exclude /ub/tantial Forms, 
as the contradictious Nonſenſs and Jargon of 
the Schools &. | 

A. Doth this Property of Matter you now 
diſcourſe "of, equally relate to the original 


The Doctrine of Sub/fantia! Forms is doubly abſurd, be- 
cauſe it teaches that Form is itſelf a Subſtance, and yet 1ncor- 
poreal, and of itſelf incapable of Quantity, Dimenſion, and 
Diviſion. They are certainly poor Oztologifts, as well as Philo- 
/aphers, who talk at this Rate. Let thoſe who would ſee a 
great deal to little Purpoſe ſaid on this Head, read Sennertus's' 
Epitome of Natural Science, Lis. i. Cap. 3. 


primogenial 


A - 
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primogenial Particles. of Matter, as well ag 
to the groſſer Compoſition thereof in natural 


Bodies? 

B. Ves; but in theſe incbnceivable Parti- 
cles of Matter, the Forms, no doubt, are 
much more ſimple, regular, and determinate, 
than in thoſe heterogeneous Compoſitions 
which we are acquainted withal. 


. 
of Mozlrrry of Matter, aud the Ma- 


ture of Mor ION and RkSr. 


RAY what is meant by the Movulity 

of Matter ? 
B. It is that eſſential Property, whereby 
any Part of Matter is capable of Motion, or 


being moved. 


A. What is Motion? 

B. A continual and ſucceſſive Change of 
Place, 

A. What is Ref ? 

B. The Continuance of a Body in the ſame 
Place, for atiy Time. 

A. What is the Cauſe of Motion? 

B. An external Force or Power applied to 
any Body; which being ſuperiour to its Reſiſt- 


ance, impelleth or driveth it out of its Place . 
A. How 


* Motion may be conſidered, (i.) as ab/olutely free, or at leaſt 


ſo far as to be affected with nothing but the Reſiſtance of the 
Mediem 
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A. How is Motion diſtinguiſhed? - 

B. Into abſolute and relative. 

A. What is ab/olute Motion? 

B. The real Motion of a Body, from one 
Part of abſolute Space to another. 

A. What do you call relative Motion? 

B. It is the Change of Place, with Reſpect 
to ſome other Thing at Reſt : And abſolute 
and relative Reſt is juſt the contrary to theſe. 

A. What do you obſerve hence? 

B. That a Perſon may relatively be at Reſt, 
who yet is really and truly in abſolute Mo- 
tion. 7h 

A. Pleaſe to exemplify this Matter. | 

B. I will. Suppoſe a Perſon ſeated in a 
Ship, he appeareth to all within the Ship to 
be at Reſt ; though at the fame Time he is 
moved with the ſame Motion, with the fame 
Swiftneſs, and according to the ſame Courſe, 
as the Ship itfelf is, with regard to abfolute 
N 

A. What are the general Affections of Mo- 
tion ? 


B. They are theſs three, v2, 


1. The Celerity or Velocity of Motion. 
2. The Quantity of Motion. 
3. The Direction of Motun. 


Medium thro' which the moving Body paſſes. (2,) As determinatr, 
and under reſtraint, when the moving Body is obliged to move 
upon or about a fixed Point, which is called the Centre of Motion. 
Thus, ſuppoſe the Line AB be moved on the Centre C into any 
other Poſition, as ab; the Point C is ſaid to be the Centre of 
that Motion. See Fig. III. on Plate I, fronting p. 25. 

A. What 
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A. What do you mean by the Celerity of 
Motion? | N 
B. It is that whereby a Body paſſeth over a 


given Space, in a given Time: So that if in one 


Minute a Body A paſſeth over the Space ab, 
and another Body B paſſeth over the Space ca, 
in the ſame Time; then the Celerity or Suiſt- 
eſs of the Body A will be to the Gelerity of the 
Body B, as the Line ab is to the Line cd. See 
Fig. VI.“ on Plate IV. fronting p. 70. 

A. How do you compute the antity of 
Motion ? Fa o den 

B. By compounding the Proportion of the 
Quantity of Matter, and the Velocity of Mo- 
tion. Thus, if the Body A hath two Parts of 


That is, the Celerities are to each other, as the Spaces paſſed 
thro' by the moving Bodies. And thus, while AB is moving 


Into the Situation a5, the Point B will deſcribe the circular Arch 


Bs, in the ſame Time that A deſcribes the Arch Aa; and con- 
ſequently the Celerity of the Motion of the Point B will be to 
that of the Point A, as the Length of the Arch Bsæ is to the 
Length of the Arch Aa, as being the Spaces paſſed thro? in the 
fame Time; and this is the Foundation of all Mechanics, or 
the Science of Motion, 

Now the Arch Bb is to the Arch Aa, as C4 is to Ca; for 
they are the Raaii by which thoſe Arches are deſcribed. . From 
6 and à let fall the Perpendiculars E and aD on the Line AB; 
then in the ſimilar Triangles aCD and.4CE, we have C to 
aC, as CE to CD; and therefore the Arch 4B is to the Arch 
eA, as CE is to CD; conſequently, if any heavy Body were 
ou on the Point B, and another on the Point A, ſince all 

eavy Bodies, at Liberty, tend to the Earth in perpendicular Di- 
rections, while the Line AB is raiſed to the Situation ab, the 
Weights would, according to their-proper Direftion, or Pro- 
penſion, be moved thro? the Spaces E and aD only; and fo 
their Velocities, or the Spaces they paſs thro? round the Point 
C, will always be. proportional to the leaſt: Diſtances. CE and 
CD, of their proper Directions E and aD, from the ſaid 
Centre of Motion C. 


5 Matter, 


* 
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Matter, and fix Degrees of Velocity, the Mo- 
tion of that Body will be twelve. See Fig. 
VII.“ on Plate IV, fronting p. 70. 

A. Then by this Means I perceive you have 
an eaſy Method of comparing the Quantity of 
Motion in any two or more Bodies ? 

B. Yes, very truly : For, ſuppoſe the Body 
A hath two Parts of Matter, and fix Degrees 
of Velocity; and the Body B hath four Parts 
of Matter, and ten Degrees of Velocity; then 
the Quantity of Motion in A, paſſing from 4 
to b, will be to the Quantity of Motion in B, 
paſſing the Space cd, as 12 to 40. See Fig. 
VII. on Plate IV, fronting p. 70. 

A. Why then I find, that if the Quantity 
of Matter in any two Bodies be equal, and 
their Velocities unequal, and the contrary, 
their Quantity of Motion will likewiſe be un- 
equal ? | 

B. It will be ſo; for the Quantity of Mo- 
tion in two Bodies will never be. equal, if 
their Matter or Velocity differs, unleſs in this 
one Caſe, when the Quantities of Matter and 


Velocity are in reciprocal Proportion to each 


other: As thus, 4: 2: :6 : 3. Wherefore the 
Motion of B, with three Degrees of Velocity, 
is equal to the Motion of A, with fix Degrees 


* What I here call the Quantity of Motion, Mechanical 
Philoſophers call the Momentum or Force of Motion; by which 
they mean all the Power that can be given to any Body, by 
Means of any Machine in regard of the Gravity or Velocity 
thereof; from which two Principles, either /g/z or compounded, 
all the Force or Power of Bodies is derived. 


D thereof, 


TY — 
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thereof. See Fig. VII.* on Plate IV, front- 
ing P. 70. 


A. What 


„From hence the Throry or Reaſen of the Uſe and Advan- 
tage of every Mechanical Power, gr Machine, is evident. 


I, The LEVER, Tig. IV. of Plate I, fronting p. 25. 


Let DE repreſent a Lever, moveable on the Fulcrum C; 
let P, a Weight of 2 Pounds, hang freely frem the Point E, and 
W, a Weight of 8 Pounds, be placed on the Point D : Now if 
the Lever be moved, the Diſtance CE will repreſent the Ce- 
Jerity of the Body P, and CD that of the Body W, by Note 
(*), in Page 40. Let CD be 3, and CE be 12: Then, ſince 
it is P: W:: CD: CE, 7. e. 2: 8 :: 3: 12, it is evident the 
Power P (2) with its Celerity CE (12', will be equivalent to 
the Weight W (8) and its Celerity CD (3) ; for the Bodies 
P, W, being in a reciprocal Proportion to their Celerities (or 
neareſt Diſtances from the Center C) being equal Cvix. 24) 
on each Side, make the Force on each Side equal; and conſe- 
1 the Lever DE will not be moved, but remain in Zqui- 
libris, ; 

Therefore, if an Hand be applied to the Point E, and preſs 
on the Lever, with a Force any thing greater than that of 
2 Pounds, it will raiſe the Weight W of 8 Pounds, placed as 
here ſuppoſed. | 

Now tho? there be Levers of ſeveral Sorts, what is here ſaid 
1s equally applicable to them all. 


II. The BALANCE, Fig. V. of Plate I, fronting 5. 25. 


The Balance is a Machine for trying the Equality of Weights. 

Let DE be the Beam of a Balance, ſuſpended and moveable 
on the Point C, whoſe Arms (or Brachia CD and CE are 
equal, as in a juſt Balance they ſhould be; and A and B be 
two Scales hanging from the Points D and E: Now if any 
Standard Weight W be put in the Scale A, and any Thing, 
ſuppoſe P, a Cheeſe, be put in the other Scale B, and the 
Scales remain in Zqui/ivrio, then is the Body P of the ſame 
Weight as W; becaulc the Diſtances from the Center C (wiz. 
CD and CE) are equal. 

Therefore if the Scale A fiſe or deſcend, ſo much mult be 
talen fre, or added is the Body P, as will reduce the Scales to 
; 4 an 
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A. What do you call the Direction of Mo- 


tion? 
B. It 


an Eguilibration; as is always done in Saving and ſelling by 
Weight. | 


III. The PULLEY, Fig. VI. of Plate I, fronting p. 25. 


The Pulley is a Machine for raiſing Weights to a great 
Height. 

2 DEGF be a Tachle of Pullies, in which D and E are 
fixed, and G, F move or riſe and deſcend with the Weight W. 
Let any Power be applied to the Rope at P to raiſe the Weight 
W ; now it is plain, that if the Weight W be raiſed one Foot, 
the Pullies Fand G will each of them be raiſed one Foot, con- 
ſequently the two Ropes R, S, belonging to F, and the other 
two T, V, belonging to G, will each be ſhortened one Foot; 
therefore four Feet will be loſt in the four Ropes, R, 8, T, V, 
all Which will be gained by the Power P; or it will deſcend four 
Feet, while the Weight W riſes one; and therefore the Velo- 
city of the Power being four 'Times greater than that of the 
Weight, the Weight will be four Times greater than the Power, 
that at P will ſuſtain it. | 

And in all Tackles of this Kind, the Power is to the Weight 
it ſuſtains, as One or Unity to the Number of Ropes applied 
to the lower Pullies. | 


IV. The WHEEL and AXIS, Fig. of Plate I, fronting 
- 4: S626 L 

Let ACB be a Wheel, in which is fixed the Axis X ; now 
it is eaſy to conceive, that if any Power P be applied to the Cir- 
cumference of the Wheel, in order to ſuſtain a Weight W hang- 
ing from the Axis X, the Power P ſhall be to the Weight: 
W, as the Circumference of the Axis to the Circumference of 
the Wheel. For while the Wheel turns once round, the Power 
P deſcends through a Space equal to the Circumference there- 
of, and the Weight in the ſame Time 1s raiſed thro* another 
Space equal to the Circumference of the Axis; but the Ce/e- 
rities are as the Space paſſed thro', and therefore as the Cir- 
cumferences; whence the Propofition is evident. 

But ſince the Circumferences of Circles are as their Diame- 
ters, the Power P will be to the Weight W, as the Diameter 
of the Axis X, to the Diameter of the Wheel AB, or (if 
Spokes be added) to the Diſtance of the Extremities of any 
two oppoſite Spokes, as D, E. * 

D 2 V. The 


FREY 
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B. It is a right Line, ſuppoſed to be drawn 


towards the Place where the moving Body 
tends : 


v. The SCREW, Fig. VIII. on Plate I, fronting p. 25. 


The Serexv is uſed for Preſſure, and ſometimes for raiſing 
Weights. 

Let AB be the Male Screw, DE the Nut or Female Screw, 
which is forced round by a Power applied to the Letter P, 
which is fixed thereinto. Now it is evident, that when the Le- 
ver P is turned once round, the Nat will be raiſed thro* a Space 
equal to the perpendicular Diſtance between two contiguous 
Threads of the Screw; wherefore the Power will be to the 
Force of this Machine, as the Diſtance between two Threads of 
the Screw is to the Spiral Circumference paſſed thro? by the 
Power. 


VI. The WEDGE, Fig. IX. on Plate I, fronting p. 25. 


Let ABD be the triangular Face of the Wedge, and ſuppoſe 
it were driven into a Piece of Wood quite to the Top AB; it is 
plain the Wedge will have paſſzd thro' the perpendicular Space 
CD, while the Wood hath paſſed thro” the horizontal Space CB 
or CA on each Side. And therefore it is inferred, that the Power 
| is to the Reſiſtance to be overcome on cach Side the Wedge, as 
the Thickneſs of half the Wedge CB to its Height CD. But 
there are various Proportions ſtated by different Authors con- 
cerning this Matter, as appears from the Authors quoted in 
Johnjon's Dnafticnes Philo). Page 69, 70. And they who would 
jee them all well accoanted for, may conſult Rowning's Comp. 
Syſtem of Philoſ. Part I. Chap. 10. Page 72, 73. 

Thele, with the Iuclined Plane, are all the ſimple Meehani- 
cal Powers, of which all others, how complicated ſcever, do 
| conſiſt. . 
| Hence the greateſt Artiſice in Mechanics is to contrive the 
Machine, ſo that the Power may have the greateſt Degree of 
Velocity, and the Weight to be raiſed the leaſt Degree poſſible. 

From hence alſo it is plain, that what is gained in Power is 
loſt in Time; and that, ſince the Force of the Power ariſes 
from the Product of the Celerity into the Quantity of Matter, 
th, the Quantity of Matter be infinitely diminiſhed, yet it 
Jhall effect as much as before, by means of a greater Celerity. 

Suppoſe a Man can prets with the Force of 200 Pounds, and 
that the Weight of the Harth be 3947847001 18074464789750 z 
now imagine the Earth placed at one End of a Lever, at the 
Diſtance of 6000 Miles from the Prop or Centre of * 
then 
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tends: As ab is the Direction of the Body A, 
in Fig. VI. of Plate IV, fronting p. 70. | 

A. What other Diviſions of Motion do 
you make? | 

B. According to the Force impreſſed on 
Bodies, their Motion is either /mple or com- 
pound. 

A. Pray, Sir, what is imple Motion? 

B. When only one Force or Power acts on 
any Body, the Motion produced thereby is 
ſimple, and according to the Direction of the 
impreſſed Force. 

A. And, next, pleaſe to explain compound 
Motion. 

B. This 1s produced when two or more 
Forces act on any Body in different Directions: 
Thus, ſuppoſe a Power H acts on the Body 
A, with eight Degrees of Force, in the Di- 
rection AB; and another Power I acts on it, 
with fix Degrees of Force, in the Direction 
NC; I fay, the Motion of A is not _— in 
either of the Directions AB or AC, but in a 
Direction compounded of both, vig. AD, and 
that with ten Degrees of Force, and arrives 
to D in the ſame Time as it would have ar- 


then muſt the Perſon or Power be' applied at the Diſtance of 
1199354100354223394 3692500 Miles to ſuſtain it. If the 
Earth be raiſed but one Mile, the Power muſt move through 
the Space of 1998923500 5903223239481 Miles. The 
Diſtance of Saturn from the Sun (equal to its mean Diſtance 
from the Earth) ſuppoſe 7703 io Miles, by which divide 
the Number 119935410035 4223394309250, the Quotient is 
15 56974595 1035731, whichis ſo many Times Saturn's Diſtance 
from the Earth, that the Perſon muſt be placed from the 
Falcrum to ſuſtain the Earth. 
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rived to B or C with thoſe Forces fingly. See 
Fig. VIII. * of Plate IV, fronting p. 70. 


CHAP. 


* 1. For ſince the Body A is urged by a Force repreſented by 
the Line AB==8, and by another repreſented by AC=6, the 
Line, AC may be conceived to move parallelly along the Line 
AB, while the Line AB, in like Manner, and in the ſame Time, 
moves thro” the Line AC; and the Body A being neceſſarily 
found in both theſe Lines, it muſt be in that Point where they 
interſect each other; therefore drawing BD parallel toAC, and 
CD parallel to AB, theſe Lines BD and CD will be the Di- 
rections of the Forces for the given Time, and conlequently 
the Point of their Interſection D, will be that in which the 
Body A will be then found; and the Line AD, the Path de- 
ſeribed by the Body A, or the Point D, in the ſeveral Mo- 
ments of that Time. : 

2. Hence it is eaſy to conceive how any given /mple Motion, 
as AD, may be reſolved into two other imple Motions, AB and 
AC, whoſe joint Efficacy is equivalent to that of AD; and 
hence any Motion may be conſidered as fimple or compound; on 
which Principle the Doctrine of the Compoſition and Ręſolution 
of Motion, or Forces, depends. 

3. Let FG (Fig. X. of Plate I, fgonting y. 25.) be the Section 
of a Plane, on which a Body impinges in the oblique Direc- 
tion AD; then is the Force with which it ſtrikes the Plane in 
D, repreſented by AD, which 1s reſolvable into the two Forces 
AC and CD, of which AC being parallel to the Plane FG, 
does not affect it in the leaſt; but CD being perpendicular 
thereto, expreſſes all the Force with which the Body A ſtrikes 
the Plane in the Direction AD. But CD is equal to 4B, 
which 15 the Sine of the Angle of Obliquity ADB, and had 
the Body A impinged perpendicularly on the Point D, its 
Force had been expreſſed by ED; but ED is equal to AD: 
"Therefore the Force of a direct Stroke is to that of an oblique 
one as AD to AB; that is, as Radius to the Size of the Angle 
of Obliquity, or Incidence, 

4. Suppole A to be a Particle of Water, Air, &c, then ſince 
all Surfaces are as the Squares of their like ides, it is evident 
that ſeveral Quantities of Water, Wind, &c. which tall in va- 
rious oblique Directions on the Flcat-brards of a Heel, the Rud- 
der of a Ship, the Sails of a Mill or Ship, &c. will have their ſe- 
veral Forces as the Squares of the Sines of their ſeueral Angles of 
incidence ; and therefore are eaſily computable. See Harris's 
Lex. Tech. under the Word Sail. Motte's Mechanical Powers. 


5, On 
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CHAN VI. 


Of LiGn T. 


B. AVING thus taken a brief Survey of 

the moſt general and eſſential Pro- 
perties of Matter, let us now proceed to thoſe 
which are more particular, called the ſpecific 
or accidental Qualities of Bodies. 


A. Why are they called ſpecific or obctien- 


tal? 

B. They are called ſpecific, becauſe thereby 
the ſeveral Kinds of Bodies have their Divi- 
fion into various Species, and are what they 
are, being thus differenced from one another: 
Thus, Fire by Heat, Glajs by Tranſparency, 
Liquors by Fluidity, Solids by their Fixity, 
&c. are different from each other; and are ac- 
counted particular Speczes of Matter, 


5. On this Principle may we calculate the Ratio of the Power 


and Weight ſuſtaining each other in Equilibria on an Inclined 
Plane. Let the Plane be AF (Fig. XI. of Plate ]. tronting 5. 

25.) on which the Weight W 1s ſuſtained by the Power P, the 
Angle of Inclination is AFG. The Weight touching che Plane 
in the Point B, thro? the Centre E, perpendicular to the Plane, 
draw ED; and perpendicular to the Horizon FG draw BC, pa- 
rallel to which draw DH ; then will BD expreſs the Force where- 
by the Weight gravitates on the Plane, DH the Force whereby 
it gravitates towards the Earth, and BH the Force whereby it 
is attracted by the Power P, as being parallel to AE, But BH 
is to HD (as CD is to BD) as AG is to AF; that is, the Power 
P is to the Weight W, as the Height of the Plane AG is to 
the Length AF; or, as the Sine of the Inclination to Radius. 


* 
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A. But you do not ſay why they are termed 


accidental ? 

B. I was juſt going to tell you, they are 
thus called, becauſe they are not efſentzal to 
Matter, but happen to be a Part thereof per Ac- 
cidens, or by Accident; for it is purely ſo, that 
one Part of Matter is diſpoſed to be hot, ano- 
ther cold, another dry, another light, another 
of this Colour, and another of that *. 

A, Which of thoſe Qualities will you be- 
gin withal ? | 

B. LICHT Þ; this being the moſt ite 
able and wonderful of all others; and by which 
all Things are made viſible and known. | 

A. Pray what do you call Light? 

B. That Quality of certain Bodies, whereby 
they become viſible to us, and render others 
ſo. | 

A. What is the true Cauſe of Light in thoſe 
Bodies? 

B. No Man can certainly tell; however, 
ſome affirm it to conſiſt in the extreme vibrat- 


ing Motions of the Parts of thoſe luminous 
Bodies. 


A. By 


* What 13 here ſaid is in regard only of the Particles of mat- 
ter in themſelves confidered ; for no doubt the all- wiſe Creator 
had perfect Defigns and Ends in View, in his Choice and Diſtri- 
bution of the Qualities of natural Bodies; and which we muſt 
therefore look vj upon as a great Baũs of the Doctrine of fnal 
Cauſes. 

7 Ariſtotle defines Light to be # Evepy£ice 178 g NaÞarss, the inter- 
nal Action or Energy of pellucid Bodies. This ours too much 
of an Hypotheſis. 

Des Cartes, and his Followers, diſtinguiſh two Kindsof Light: 
(3. ) Prim. genial; which, they ſay, conſiſts 1 in a certain Motion o 

ay the 
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A. By what Means doth Light come to af- 
fect our Eyes? „ 
B. It is ſuppoſed this is owing to a very fine 
ætherial Matter, vaſtly rarer and finer than Air, 
which is the Medium by which the Rays of 
thoſe luminous Particles are tranſmitted or pro- 
agated to our Eyes, and illuminate them 
with their Light. | 
A. You then ſuppoſe, I find, that what we 
call Rays of Light are real Bodies, or Particles 
of Matter, endued with the Quality of Light, 
and not the Quality itſelf 4. 
B. You hit it; I do indeed not only ſuppoſe 
it, but J am ſure of it. 
A. Are you indeed! then I am ſure not on- 
ly myſelf, but thouſands more, have been long 


the Particles of a lucid Body, which agitate and propel the /ub- 
tile Matter in its Pores every Way, and in all Directions. 
(2). Secondary, or derivative Light ; which conſiſts in an Endea- 
wvour to Motion, or an Inclination of that ſubtile Matter to recede 
from the Center of a lucid Bedy in ſtraight Lines. Such are the 
curious Fictions of theſe hypothetical Fhiloſophers. 

The Newwtonians very juſtly make Primigenial Light to con- 
fiſt in à certain Motion of the Particles of luminous Bodies, which 
force out and off the ſaid Bodies certain exceeding and inconcei u- 
ably ſmall Particles, which, with incredible Force, are every Way 
emitted in ſlraight Lines: And derivative Light to conſiſt not in an 
Endeavour to Motion, but in a real Motion of theſe Particles emit- 
ted from Bodies, as aforeſaid. See Clarke's Notes on Rohault's 
Phyſics, Part I. Chap. xxviii. Newton's Optics. Boerhaave's Chy- 
miſtry, with Shaw's Notes, Page 220, Cc. Boyle's Experiments 
to make Fire and Flame ponderable. Harris's Lexicon, under 
the Word Light. Haukſbee's Experiments, and thoſe of De/a- 
guliers, Graveſande, &c. Derham's Phyſico-Theology, &c. 

t Sir //aac Newton computes the Force of Attraction in the 
ſmall Particles of the Rays of Light to be tov00000000c0000 
Times greater than the Gravity of Bodies on the Surface of the 
Earth, accordipg to the Quantity of Matter which 1s in them. 


miſtaken. 
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miſtaken. Pray is not the Sun the Fountain 
of Light originally? 

B. No: He is only the greateſt Body that 
emits Light in our planetary Syſtem : Light it- 
ſelf being a Quality innate to thoſe Bodies 


which emit it naturally. 


A. But why do you ſay naturally ? 

B. Becauſe opaque or dark Bodies, when heated 
beyond a certain Degree, will emit Light; and 
all Bodies, eſpecially ſulphureous ones, having 
their Parts ſufficiently agitated, do ſhine or e- 
mit Light: Whether this be by Percuſſion, as 
Quicgſilver, when ſhaken in Vacuo ; or by At- 
trition, as a Cat's Back, or Horſe's Body, &c. 
rubbed in the Dark; or by Putrefaction, as 
happens in Mood, Fleſb, &c. when mam. ; 
or by any other Way. 

A. Is the Motion of Light inſtantaneous or 
ſucceſſive ? 

B. It being found (by Obſervation) that 
Ligbt is ſuer sfr, or propagated in Time, 
hath at length ended this long and difficult 
Controverly. 

A. By what Kind of Obſervations is this 
diſcovered ? 

B. Aſtronomical Obſervations; the IN 
pal of which is, that of the Ec/p/es of the 
Satellites of Jupiter; for thoſe Eclipſes, when 

the Earth is between the Sun and Jupiter, hap- 
pen ſeven or eight Minutes too ſoon; and 


. when the Earth is beyond the Sun, they hap- 


pen as much later than they ſhould by the 
Tables; the Reaſon of which is, that Light 
hath 


| 
1 
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hath farther to go in the latter Caſe than in the 
former, by the Diameter of the Earth's annu- 
al Orbit *. 

A. Why, if this be the Caſe, you may 
nearly compute the Motion of Light; can 
you not? 

B. Yes, eably ; for ſince the Diſtance of the 
Sun from the Earth is known to be about 81 
Millions of Miles, if that Number, vs. 
81000000, be divided by 450, the Seconds in 

Minutes, the Quotient will be 180009 
Miles; and ſo far doth Light fly every Second 
of Time. 

A. Pray make this incredible Swiftneſs of 
Light a little more intelligible by Example. 

B. I will. It is found that a Bullet, at its 
firſt Diſcharge from the Muzzle of a Cannon, 


flies one Mile in a little above $4 Seconds, and 


theretore would be 325 Years in arriving to 
the Sun; hence the E Proport on of Swiftneſs in 
a Cunnon-Ball and Light, is as 1 to 1530000 


nearly; that is, Lgôt flies one million five 


To illuſtrate this important Diſcovery, let ADEB be the 
Earth's Annual Orb (Fig. XII. of Plate I, fronting p. 25.) C 
the Sun, 1 the Planet Jupiter i in his Orb HK, and 8 a Satellite 
juſt entering his Shadow. Let D and E be two Situations of 
the Earth in its Orb, whoſe Diſtance DE is equal to the Semi- 
diameter of the Orb AC. Now it is plain, that if the Motion of 
Light were z»/antancous, the Satellite $ would appear to enter 
the Shadow at the ſame Moment to a SpeQtator in E, as to an- 
other in D; but, by many Years Obſervations, it has been found, 
that the Immerſion of the Satellite into the Shadow 3 is ſeen at D 
about 754 Minutes ſooner than at E, which is 81000000 Miles 
more diſtant ; and conſequently, as Mr. Romer firſt obſerved, 
the Motion of Light is thereby proved to be progreſſive, and 
not Pay as was formerly believed. 
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hundred and thirty thouſand Times faſter than 
a Bullet at its firſt Diſcharge “. 

A. Wonderful are the Works of God ! Not 
only paſt finding out, but paſt Bclief, when 


but imperfectly known! But, pray, what 


other Properties of Light are diſcovered ? 

B. Light is not only found to be a Body, 
but it is alſo found to conſiſt of Rays tinctured 
with all the original Colours in Nature, 

A. In what Order are the Rays of“. Light 
found to be coloured ? | 

B. According to the different Degrees of 
Refrangibility in the Rays: From Rays leſs re- 
frangible, to thoſe that are moſt ſo, the Colours 
appear in this Order, vig. Red, Orange, Yel- 
low, Green, Blue, Indigo, {deep Violet, But 
more of Colours, when we diſcourſe directly 
thereof by and by. 

A Pray, what other Affections of Light are 
oblervable ? | 

B. Its Reflexibility and Refrangibility . 


A. What 


* See Derham's Phyſico-Theology, Book I. Chap. 4. Note 
4th and 5th. 

+ The Refexibility and Refrangibility of Light make the 
Subjects of Catoptrics and Dioptrics, which are the two great 
Parts of the molt curious and delightful Science of Oprics, See 
Notes + and f in Page 26. 


L Of CATOPTRICS. 


1. Catoptrics is the Science of Reflex Yifon, or that which is 
performed by Rays of Light reflected from the poliſhed Sur- 
faces of Mirrours of every Sort ; of which there are three very 
eonliderable, vi: 


2. Plane 
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A. What do you call the Reflexibility of 
Light ? 

B. The 


2. Plane Mirrours, or Looking-Glaſſes, the chief Properties 
of which I have taken Notice of in the Text above, wiz. that 
all Objects are repreſented in their mages juſt as far behind the 
Mirrour as they are really before it; that they appear ſituated 
on the ſame Line; and laſtly, that the Images are in all Reſpects 
aliłe and equal to the Obje#s in Magnitude, | 

3. Convex Mirrours, or ſuch whoſe Surface is /4herically round, 
as MR (Fig. XIII. of Plate I, fronting p. 25 ;) to underſtand 
the Nature of which, let AB be an Object, from the Extremities 
of which A and B, let two Rays BD and AD fall upon the Mir- 
rour in the Points C and D; let PC and O be perpendicular 
to the Convex Surface in the ſaid Points C and D ; then make 
the Angle PCE equal to the Angle BCP, and CE ſhall be the 
Ray BC reflected; in like manner, the Angle QDF being made 
equal to the Angle ADO the Ray DF ſhall be AD reflected. 
Now it is evident the Object AB will be ſeen by an Eye at EF 
in the Direction of the reflected Rays EC and FD; that is, in 
the Focus of the Mirrour GH, which will be the Iuage of the 
Object AB. 

4. By theſe Mirrours, (I.) all Objects appear behind the 
Glaſs, (2.) Their Inages are all ere. (3.) The Images ate 
all leſs than the Object. (4.) Parallel Rays, or ſuch as come 
from Objects at a vaſt Diſtance, have their Focus or Image at the 
Diſtance of half the Radius of the Convexity. (5.) Diverging 
Rays, or ſuch as come from near and ſmall Objects, are repre- 
ſented nearer the Glaſs than half the Radius. (.) If the Di- 
ſtance of the Object be equal to the Radius of Convexity, the 
Image will be painted at g of the Radius behind the Glaſs. 
(7.) In conwerging Rays if the Diſtance of the Object be leſs 
than half the Radius of Convexity, the Focus, or Place of the 
Image will be before the Glaſs; otherwiſe always behind it. 
(8.) If. the Object be a Right Line, the Irnage will be a Curve; 
if the Object be a Plane Superſicies, it will be repreſented a 
curved one. 

5. Concave Mirreurs are ſuch as are ſpherically hollow on the 
poliſhed Surfa e, or that next the Eye. To underſtand the Pro- 
perties thereof, let AB Fig. XIV. of Plate I, freating p. 25.) 
be an Object, BC and AD two Rays from the Extremities there- 
of falling on the Surface of the Concave Mirrour M in the 
Points Cand D; they will be reflected thereby into the Rays 
CE and DF, in the Direction of which the Image of the Ob- 
ject will be ſeen, 


6. Whence 
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B. The Diſpoſition of the Rays to be re— 
flected, or turned back from the Surface of 


any 


6. Whence it is plain, (1.) that Rays falling on ſuch a Mir- 
rour, are by Reflection made to converge or interſect each 
other, as here in the Point . (2.) The Object AB will appear 
Inverted and diminiſhed in its Image a6, in that focal Point e, 
to an Eye placed farther diſtant from the Glaſs, at EF, 
(3.) If the Eye be placed nearer the Glaſs than the Fecus o, the 
Image of the Object AB will appear behind the Mirrour, and 
very much enlarged, as GH. (4.) Diverging Rays falling on 
this Mirrour, if the Diſtance of the Object be leſs than half the 
Radius of the Concavity, the Image will be behind the Glaſs ; 
if greater, before it. (5.) Convergiag Rays form the Image al- 
Ways before the Glaſs. (6.) Parallel Rays are converged to a 
Point at the Diſtance of half the Radius before the Glaſs. 

7. From this laſt- mentioned Property of a concave Mirrour, 
it is eaſy to underſtand how they become Barning-glaſſes; for 
the Rays of the Sun being paralicl, as coming from a vaſtly 
diſtant ObjeQ, all of them which fall on the Surface of the Mir- 
rour are collected into a very {mail Space or Circle, whereof 
the Heat will be to that of the Rays uncollected, as the Square 
of the Width of the Mirrour to the Square of the Diameter of 
the Circular Spot, or as the Area of the Glaſs to the Area of 
the Spot, The Heat then being thus prodigiouſly augmented, 
will burn violently in that Point; which is the Reaſon why it 
is called the Focus, 


gf es. 

1. This Part of Optics conſiders the Nature of Viſion by 
Rays of Light refracted through different Mediums, but princi— 
pally through 6s in thoſe Forms we call Lenses. 

2. Of Le:/e5 there are five principal Sorts, viz. (1.) A P/ane- 
convex, marked A, (Fig. XV. of Plate I. fronting p. 25.) which 
has one plane Surface, the other a conwrex one. (2.) A Double- 
convex, as B, which has both Surfaces convex. (3.) A Plano- 
concave, as C, which hath one plane, the other a concave Sur— 
face. (.) A Deu ble-concave, as D, which has both Surfaces 
conca ve. (5.) A Convex concave, as E; one of whoſe Sides is 
convex, and the other concave. This Lexs is uſually called a 

» Meni/cus, The Line FG 1s the Axis common to each of thoſe ' 
Lenſcs, as paſſing through their middle or vertical Point. 
3. Let LN be a double-conwex Lens in Fig. XVI. of Plate III, 
fronting p. 62; or a double-concave, as Fig. XVII. of Plate III, 
fronting 2. 62. AV and BU the Radii of their Convexities 
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any Bodies on which they fall: Thus the Ray 
42 


and Concavities, which are here equal; from any Point C in 
tine Axis, ſuppoſe a Ray CD proceed diverging, and fall on the 
Surface of the Lens at P, to the Point P draw BD perpendi- 
cular, then the Ray paſſing through the denſer Subſtance of 
Glaſs will be bent out of its Courſe CE towards the Perpendi- 
cular DB, and fo be refracted from D to E on the other Sur- 
face; draw the Perpendicular AG through the Point E, then 
the Ray DE paſſing out of Glas into Air, will be refracted from 
its ſecond Courſe DH, into a thirdCourſe EI frem the Perpen- 
dicular EG or AE. Now it is evident from the Schemes, that 
the Ray EI is, by the Convex Lens, made to converge towards 
the Axis, and to interſect it in J; but in the Concave Lens, the 
ſame Ray E 1s made to converge from the Axis. And this 
would have been the Caſe of a Plans-convex, and a Plano. con- 
cave Lens, with little Variation, 

4. Concerning the various Properties of all Varieties of Len- 
ſes, and Rays incident upon them, ſee Mr. Mz:iineaux's Optics, 
Dr. Gregory's Elements of Catoptrics and Dioptrics, with Dr, 
Brown's Supplement thereto, and Mr. Rewwning's Compieat 
Syitem of Philoſophy, Part III. All which may be ſeen con- 
firmed by Experiments in Graveſande's Math. Elements of Natu- 
ral Philoſ. Vol. II. Book III. Fart II. 

What is here obſerved of the Nature of Lenſes in general, is 
ſuſhcient for underſtanding the Structure and Effects of dioptric 
Machines; as the Microſcope, Teleſcope, Camera Obſcura, and 


Magic Lantern. 
III. Of the MICROSCOPE. 


1. Let DE be the Objet-Glaſs, and FG the Eye-Glaſs of a 
Microſcope ; Fig. XVIII. of Plate III, fronting 2. 62 ; aa {mall 
Object to be viewed by the Eye at P. Draw the dotted Line or 
Axis aA through the Centre of the Lens DE, and. let AD be a 
Ray proceeding from the extreme Point à of the Object, ard 
incident on the outmoſt Part D of the Lens; this will be refracted 
into the Direction DA, and interſeR the Axis in the focal Point 
A. In like Manner a Ray aE, incident on the other Side E, will 
be refracted into EA, meeting the Axis in the ſame Point A. So 
that the whole Cone of Rays Lal will be refracted into the Cone 
DAE 3 and therefore the Extremity a will be repreſented at A. 
In the ſame Manner the Cones DS and DcE will, after Refrac- 
tion, become DBL and DCE ; conſequently, the three Points a, 
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aB falling on the Surface AC, in the Point B, 
18 


3, e, will be repreſented in the Image at A, B, C; and all Points 
between the ſormer will be painted ſimilarly between the latter. 

2. Therefore the ſmall Object abc will have its Image formed 
in the Focus ABC; and the Image will be in Proportion larger 
than the Object, as the Diſtance of the Image is greater than 
the Diſtance of the Object from the Glaſs DE. Alſo the Poſi- 
tion of the Object will be inverted in its Image, as is evident 
from the Figure. 

3. The Image ABC is now to be conſidered as an Object 
viewed through the Eye-Glaſs FG. Now it is to be avell noted, 
that Rays falling parallel on equally convex Lenſes are collected 
together in the Centre of Convexity ; therefore if the Image 
ABC be placed in the Centre or Focus of the Eye-Glaſs FG, 
all the Rays coming from it, after Refraction through the Glaſs, 
' will proceed parallel till they arrive at the Pupil of the Eye at 
PF; and that they ſhould do thus, is neceſſary to cauſe diſtinct 
Vion, 

4. In the Pupil P, the Rays all croſs each other again, and 
by the cry/alline Humor (def) are collected or united in the 
Focus, which is on the Retina in the Bottom of the Eye, and 
there the ſecond Image abc is formed in its true Poſition, like 
that of the Object abe. Yet, notwithſtanding this, the Mind 
conceives the Idea of the Object as inverted, the Reaſon of 
which odd Phenomenon I ſhall not here enquire, but proceed to 
the Conſtruction 


IV. Of TELESCOPES. 


1. The firſt Teleſcope I ſhall conſider is that called a Preſpec- 
tive-Glaſs, [ Fig. XIX. of Plate III, fronting p. 62.) conſiſting 
of a Convex Object-Glaſt CD, aud a Concave Eye-Glaſs EF, 
which is to be ſo placed, that the Focus, or Centre of each Lens, 
may fall on the ſame Point, or coincide , then ſhall parallel Rays 
coming from any Object AB, and refracted by CD towards EF, 
by paſſing through EF, be again made parallel, and conſequently 
fit to produce diſtinct Viſion. (I.) This Glaſs ſhews Objects 
ered? ; for the Rays do not croſs or interſect each other any 
where, which alone cauſes Obje&s to appear inverted. (2.) It 
magnifies Objects in the Proportion of the foca/ Diſtance of the 
convex Lens D, to the focal Diſtance of the concave one EF. 
(3.) In this Glaſs no more of the Object is ſeen at one View, 


than what falls on the Pupil of the Eye 1; which therefore 1s 
| near 


Colours, Reflection, Ręfraction of Light. 65 
is reflected or turned back again in the Direc- 
tion Bd. See Fig. IX. of Plate IV, fronting 
P. 70. 1 0 i : . "I k 


A. In 


near; and large Objects is but a very ſmall Part, and ſo this 
Glaſs is in ſuch Caſes but of little Lie. 

2. A ſecond Sort of Teleſcope is that conſiſting of two Lenſes 
alſo, but both convex ones, as AH and BI {#ig. XX. of Plate 
III, fronting 2. 62.) Let K be the Focus of both Lenſes, then 
will the Image of a vaſtly diſtant Object EF be there formed 
and appear inverted to an Eye placed in the Axis, MG, any 
where behind the Lens BL. On this Account it is ſeldom uſed, 
unleſs to view the Heavenly Bodies, whoſe Poſition is not re- 
garded. This Glaſs alſo magnifies Objects in Proportion of the 
Focal Diſtance of the Object-Lens QK to the Focal Diſtance of 
the Eye-Glaſs KL. In this Teleſcope, ſo much of the Object 
is ſeen at one View as falls on the whole Surface of the Object» 
Glaſs. 

3. The third Sort of Teleſcope is that in common Uſe for 
viewing Land-Objects; and conſiſts of one Object-Glaſs AH 
Fig. XX. as above) and three Eye-Glaſſes, all of the ſame 
Focus, as B, C, D. Hence it is plain this is the ſame with the 
foregoing Teleſcope, only with the Addition of the two Eye- 
Glaſſes 8 and D; for whereas the Object was before inwerted 
in the Focus K, by adding the Glaſs C, it will be again made 
erect in its Focus O, and will ſo appear to an Eye I, placed 
behind the third Glaſs D, if the Focus both of C and D be 
made to fall on the ſame Point O. This Teleſcope then ſhews 
Objects ere, and is in other ReſpeCts the ſame as the laſt fore- 
going. See Note“, in Page 22. 

4. The fourth Sort of Teleſcope is that lately invented by Sir 
T/aac Newton, called the Reflecting or Catadioptric Teleſcope. This 
conſiſts of a Tube ABCD, two, three, or four Feet long Fig. XXI. 
of Plate III, fronting p. 62.) which is open at the End towards 
the Object CD, and at the other End is placed a concave Me- 
talline Mirrour, as AB, perforated through the Middle at e; at a 
proper Diſtance is placed another ſmall concave Mirrour E (in 
the Axis of the Tube) which is ſupported by the Stem or Foot 
F. The two Mirrours are ſo diſpoſed, that the Focus of each 
may fall on the common Point / between them ; then the Image 
of any Object entering the Tube, as ab, and falling on the large 
Mirrour AB in the Point dc, is from thence reflected between 
the Rays dh and ch to the Focus , where the Rays croſſing, 
invert the Image, as at 4; and this Image being now alſo in 
the Focus of the Mirrour E, after falling thereon in the Points 
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A. In what Manner or Order is this ? 
B. The 


V g, it will be reflected from thence back again in parallel Rays, 
which paſs through the Hole e of the great Mirrour, and falling 
on a Convex Lens at G, do again croſs each other in its Focus 
, and there repreſent the Image ere to be viewed by an Eye 
I, through the Eye-Glaſs H, whoſe Focus is allo in n. | 

5. This Teleſcope magnifies the Diameters of Objects in the 
Proportion of the Focal Diſtance of the Object Mirrours to the 
Focal Diftance of the Eye-Glaſs, as do the other Teleſcopes ; 
but in this, by Reaſon of the Reflection of Rays, an Eye-Glaſs 
with a much ſhorter Focus may be uſed, than in the common 
ones by Refraction; and therefore a Refeting Teleſcope of fix 
Feet in Length will magnify an Object as much, as a Refraing 
one 100 Feet long; on which Account they are now in much 
Eſteem, though there be many Difficulties in them alſo. 

6. If the Focal Diſtance of the Object-Glaſs or Mirrour (in 
any Teleſcope) be 50 Inches, and that of the Eye-Glaſs one 
Inch; then will the Diameter of a diſtant Object be magnified 
50 Times; the Surface 2500 Times ; and the Solidity of the 
whole Body 125000 Times, | 


V. Of the CAMERA OBSCURA. 
1. The Camera Obſceura, or Dark Chamber, is nothing but 


' a Chamber, Room, or Box darkened, and a Convex Lens fixed 


in a Hole made in one Side thereof, as at CC Fig. XXII. of Plate 
III. fronting p. 62.) through this Lens any Object before it 
without, as AB, a Tree for Inſtance, will have its Image carried 
through the Lens between the Rays AC and BC; which pro- 
ceed to the other Side of the Room (ſuppoſed to be at the Focal 
Diſtance of the Lens C) where they paint the Image of the 
Object in the moſt lively Colours, far beyond the Imitation of 
the beſt conducted Pencil, in regard of Colouring, and with 
reſpect to the Motion of every Part moved in the Object; this 
is allowed ſuch an inimitable Perfection, as is peculiar to Na- 
ure Painting only. Indeed the Image ab is inverted, and is 
in Proportion to the Object, as its Diſtance Ca from the Glaſs 
to the Diſtance DC of the Object, | 

2. If the Object be placed at the Diſtance of twice the Ra- 
dius of the Convexity of the Lens, the Image ſhall be exactly 
as big as the Object. Note, I here ſuppoſe the Lens C to be 
doubly and equally convex, The only Time for making a dark 
Chamber, is when the Sun ſhines; for unleſs the Objects are 
ſtrongly enlightened, the Picture will be obſcure and little 
worth, The Sky Oprric Ball, with its Glaſſes, is moſt com- 
monly and conveniently aſed for this Purpoſe, 
VI. The 


Of the Refrattion of Light. 67 


B. The Law of Reflection of Light is in- 
variable; for the Angle aBc, of the incident 
Ray @B, is ever equal to the Angle cBg, of the 
reflected Ray Bd, and the Perpendicular cB. 
See Fig. IX. of Plate IV, fronting p. 70. 

A. What do you mean by the Refrangibi- 
lity of Light ? 

B. The Diſpoſition of the Rays of Lzght to 
be refracted, or broken out of their direct 
Courſe, in paſſing through one tranſparent 
Body or Medium into another : Thus the Ray 
aB, paſſing through the Medium of Air to B, 
and there ſtriking on the Surface of Water 
AC, is refracted or broken out of its direct 
Courſe BE, into another BF, towards the Per- 
pendicular BG. See Fig. X. of Plate IV, 
fronting þ. 70. | 

A. Doth the Refrangibility of Rays alſo ob- 
ſerve any ſtated Law or Order ? 

B. Yes: for the Line HI, of the Angle of 
Incident CBH, is always in the ſame Propor- 
tion to the Line MK IEK, of the Angle of Re- 


VI. The MAGIC LANT HORN. 


After all that has been ſaid in this Note, it is eaſy, from a bare 
Inſpection of Fig. XXIII. of Plate III, fronting p. 62, to under- 
ſtand the Reaſon of the Effects of a Magic Lanthorn. Let 
AB DE be a Section thereof, C a Candle placed therein, F a 
large Convex or Hemiſpheric Lens, which ſtrongly illuminates 
the inverted Pictures in the Plate GH; the Light coming from 
any one of theſe, as ab, is, in paſſing through the Lens LM, 

made to ſpread and diverge very much, and conſequently to 
paint a very large Image a} on the Wall, or any Thing in the 
Focus of thoſe Rays. If this Image be a Ghoſt, the Devil, &c. 
it appears very terrible and ſurpriſing to the Spectators who are 
unacquainted with the Nature of dioptric Mackinec, 


E 2 fraction 


fronting p. 70 *. 
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fraction GBF ; as 4 to 3 in Vater; and as 
19 to 11 in 67. See Fig. X. of. Plate IV. 


A. What may we learn by this Doctrine of 
the Reflection of Light ? 

B. The Reaſon why Objects appear juſt as 
far behind any Plane Speculum, or Looking- 
Glaſs, as they really are before it, and the ſame 
Way: Thus, ſuppoſe AC the Section of a Look- 
ing-Glaßs, it is plain any Object placed before it 
at a, as the Arrow, will appear juſt fo far behind 
the Glaſs AB as E, and directed to the fame 


The Proof of this Experiment is eaſy, and may be as fol- 
lows. Let ABD be a Semicircle Fig XXIV. of Plate III, 
fronting p. 62.) large and duly graduated ; C the Centre thereof, 
before which is to be placed a Prifn of Glaſs, repreſented by 
rs, the upper Plane or Side of which pr muſt be fixed paral- 
Jel to the Horizon, or to AD. Suppoſe the Angle of the Priſm 
per be 60 Degrees, then will the Angle pn be 30. Let Ic be 
a Ray incident on the Priſm in the Point a; if this Incidence be 
ſuch, that the Ray entering the Medium of Glaſs be refracted 
into the Direction af, parallel to the Horizon AD, it ſhall 
emerge out of the Glaſs into the Air in the Direction CR, 
making the Angle RCD equal to the Angle ICA. Now in 
order to find this Angle, draw through à the Line 4b perpen- 
dicular to the Side of the Priſm pr, and alſo gd parallel to the 
Horizon AD, then ſhall the Angle had be the Angle of Re- 
fraction in the Priſm as required, which is known, as bein 
equal to the Angle pst, or zo Degrees; therefore, if the Ratio 
of the Sine of Incidence be to that of Refraction as 17 to 11, 
out of Air into Glaſs, it will be, as 11 to 17, ſo is the Sine 
of ad g zoo to the Sine of Incidence [ah=502? 457, nearly 
from which take gah=3o0, there will remain gal equal to 
ICA=20? 45'; and ſince any Object at I under the Angle 
20? 45 does actually appear to an Eye at R under the fame 
Angle, it proves the Truth of the ſaid Ratio. And this al- 
ways will be the Caſe, be the Angle of the Priſm what it will. 

If the Figure prs were an hollow Glaſs Priſm, this filled 
with various Sorts of pellucid Liquors, would exactly ſhew the 
different refractive Powers of thoſe Liquors. Alſo, a Piece of 
Looking Glaſs placed horizontally at C, ſhews, that the Angle 
of Incidence ICA is equal to the Angle of Reflection RCD. 


Point 


D the Refrattion of Light. 
Point in the G/a/s B: For all Objects appear 
in that Ray Ed, that meets the Eye in d, be it 
any how reflected or refracted. See Fig. IX. 
af Plate IV, fronting p. 70. 


A. And are our Eyes thus deceived by the 


Refraction of Light ? 
B. Beyond your Imagination, I believe. 
A. Aye, indeed! Pray oblige me with an 
Example how, and in what Reſpects ? 
B. I will; and that by a very vulgar Expe- 


riment : Suppoſe AGHB be a Veſſel, whoſe 


Length GH is 56 Inches; let any Object, as a 
Halt-Crown, be placed exactly in the Middle 
thereof at F; then let the Veſſel be filled with 


Water to the Height CD, 24 Inches; let FP 


be a Ray of Light paſſing from the Object F 
to P, but there meeting with the Air, is re- 
fracted towards N, and becomes PN. Now 


it is evident, an Eye placed in N cannot, by any 


Means, ſee the Object F (for the Sight is inter- 
rupted by the Side of the Veſſel at 2} before the 
Water is poured into the Veel; after it is 
poured in, the Eye at N will indeed fee the 
Object F, yet not in its true Place at F, but in 
another, diſtant 15 Inches, at E; alſo to an 


Eye placed perpendicular over the Object F. 


it will appear to be in O, and the whole Bot- 
tom of the Veſſel will ſeem elevated to IK, the 
Height of FO, 11 Inches. See Fig. XI. of 
Plate IV, fronting . 70, 

A. Well, it is very wonderful, as well as 


diverting and improving, to ſee and conſider 


of theſe Things: I could not, indeed, have 
thought that Things placed fo far out of Sight 
| E 3 could 
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could thus be made viſible; and that we ſhould 
behold them in Places fo far diſtant and diffe- 
rent from the true: It is well we have Reaſon 
to guide us, for I perceive our moſt exquiſite 
Senſes are fallible, and often deceived. 

B. It is true, our Senſes are hable to Decep- 
tion, and it is well for us in. many Caſes they 
are; for as I go on, I ſhall often ſhew you the 
Advantages which accrue to, us thereby, and 
from the Cauſes thereof particularly the Re- 
flection and Refraction of Light. 

A. How came Bodies firſt of all to be en- 
dued with this wonderful Property of Light? 

B. By the omnipotent Fiat of the great 
Creator; he faid Wen“, Ee Lux, let there 
be Light, and immediately there was Light ; 
and the ſtupendous Body of the Sun was cre- 
ated, as it were, a Repoſitory or Store- Houſe 
thereof, whence it was to be diſtributed to e- 
very Part of the Planetary Syſtem, in order to 
make the Whole viſible, and uſeful to the va- 
rious Inhabitants thereof. 

A. Can you give any Account of the Small- 
neſs of the Particles of Light? 

B. Ves: It is computed, that in a Second of 
a Minute, there flies out of a burning Candle 
the following Number of Particles of Ligbt, 
4186600000000000000000000000000000000000000C0, 
which is 10 oo ooo ooo, or ten millions 
of millions Times a bigger Number than 
I 00000000000000000: 00000000000000 ; 
the Number of the Grains of Sand computed 
to be contained in the whole Earth *. 


gee the Calculation in Njewventy:*s Relig. Philoſopher, 
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G HART 43h 


; Of the Colours of LicuT, and na- 
; zural Bopits, 


W OW, if you pleaſe, Sir, let us turn 
| our Diſcourſe to the Phenomena of 
Colour And firſt, be pleaſed to define what 
Colour 18. | 
B. Colour is that which ariſeth from a cer- 
tain Quality of Bodies, whereby they are diſ- 
| il poſed ſo to modify and reflect the Light fall- 
ing on them, and ſtriking on the Organ of 
= Sight, as thereby to occaſion or produce the 
| i Senſation of Colour in our Minds: And that 
. Senſation in us is alſo called Colour. 
| A. Whence is the Original of Colours? 
= B. All the Colouring in the Univerſe proceeds 
| originally from the Rays of Light; for in them 
| are contained all the primary, original, and 
abſolutely pure and unmixed Colours x. 


= A. Which 


Des Cartes pretended, that Colours reſulted from the Rela- 
tion of the direct and circular Motion of Etherial Globules; if the 
Direct be ſlower than the other, Red is produced; if more rapid, 
Violet; and the others between theſe Extremes accordingly. 

| | Dr. Hooke ſuppoſed they conſiſted in the Obliquity of thePulſes 
of the Ethereal Matter. Ma/branche made them the Effect of Vi- 
brations of Light, more or leſs quick. Regnault has a particular 
Hypotheſis on this Head in his Phil. Conwer/ations, Vol. II. 
Page 391, remarkable for nothing but Novelty, and the Pre- 
ſamption of the Author, The great Barrox imagined that Co- 
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A. Which, and how many, are thoſe pri- 
mary and original Colours? 

B. Thoſe which follow: 1. Red, 2. Orange, 
3. Yellow, 4. Green, 5. Blue, 6. Indigo, 7. Vio- 
let. 

A. How are thoſe Colours diſcerned and 
diſtinguiſhed in the Rays of Light ? 

B. By Means of the different Degrees of its 


Refrangibility; for thoſe Rays which are leaſt 


refrangible, are tinctured with Red, and paint 
that Colour on Bodies; and thoſe which are 


molt refrangible, are Violet and Purple, and 


paint Bodies therewith; and the intermediate 


Degrees of refrangible Rays are dyed with the 


intermediate Colours, in the Order before men- 
tioned“ . 

A. By what Experiment do you prove this 
Doctrine? | 

B. By this eaſy one following: In a Cham- 
ber made dark, make an oblong Hole in the 
Window-Shutter at F, about ; of an Inch in 
Breadth, through which will enter the Sun 
Beam FH ; and a large Priſm ABC, placed at 


about 20 Feet from the Hole, will refra& the 


Rays of this Beam; after which they will a- 
gain unite, and become a white Beam at , 


that Colours conſiſted in a conſtipated and rare Light. But Sir 
THaac Newton has ſhewn the Frrors of Hypotheſes about Co- 
lours ; and proves the Truth of his own new Doctrine by un- 
deniable Experiments. | | | 

Light is ſuppoſed to be more or leſs reflexible or refrangible, 
as the Particles thereof are of a leſſer or greater Magnitude ; 
the Particles of Red Light being the greateſt, and thoſe of Vo- 
let the leaſt, of all others; theſe, therefore, excite the leaſt, 
and thoſe the Jargeſt Vibrations in the Opzic Nerve, which oc- 
caſion different Senſations, 8 


where 
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where let be applied an opaque Body GHTI, at 
the Diſtance of two or three Feet from the Priſm, 
in which let-there be an oblong Hole made at 


H, Ys or ds of an Inch in Breadth, through, 


which the white Part of the Beam being tranſ- 
mitted, and made to fall on a Piece of white 
Paper placed after, will there paint the primi- 


tive original Colours of Light; ſuppoſe Red at t, 


Yellow at , Green at r, Blue at q, and Violet 

at P. Fig. XII. of Plate VIII, frontingp. 120. 
Al. Very good; and what is the Conſe- 
quence of all this ? 

B. Why then, with a Piece of Wire R (or 
any opaque. Thing about rs of an Inch thick) 
you may, by intercepting the Rays at &, I, m, u, 
o, take away any one of the Colours at a, s, r, g. 


or P, whilſt the other Colours remain as before. 


A. What do we learn by this Experiment? 

B. Fir/t, That the Rays of Light paint na- 
tural Bodies with different Colours. Secondly, 
That the leaſt refrangible Rays, as z, paint 
Red ; and the moſt refrangible ones,as P, paint 
the deepeſt Violet Purple; and that other inter- 
mediate refrangible Rays paint the other inter- 
mediate Colours. Thirdly, That thoſe Diffe- 
rences of Colourare abſolutely and really exiſt- 
ing in the Rays. of Light, and do not ariſe 


from the different Confines of Shadow, vari- 


ouſly modifying the Lghf, as has hitherto 
been the Opinion of Philoſophers. 

A. I think it ſeems from hence, as if you 
would inſinuate, that Colours are not connate 
with Bodies, or naturally in them, but painted 
on them by the Rays of Light ? i 

B. It 
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B. It is very true; Co/ours only are in the 
Rays of Light, not in Bodies; and all Bodies 
are of the ſame Hue in the Dark, and appear 
differently co/oured only by, and in the Light. 

A. Strange Doctrine this! I am apt to think 
you'll perſuade very few, that Colours are not in 
Bodies, when they conſtantly ſee all around 
them tinged with ſuch an agreeable Variety. 

B. If they will not be convinced by Reaſon 
and Experience, they muſt remain ignorant, 
and ſtill poſſeſs their Prejudices and Errors. 

A. But, according to this Notion of Colours, 
how comes it to paſs, that ſome Bodies are all 
of one Colour, ſome all of another, and ſome 
of ſo many different Colours ? 

B. This is eafily conceived; for the Matter 
of ſome Bodies univerſally reflects one Sort of 
Rays more copiouſly than another; and ac- 
cording to the Refrangibility of thoſe Rays are 
the Bodies coloured: Thus Minium reflects the 
leaſt refrangible Rays moſt copiouſly, and 
thence appears Red : Violets reflect the moſt re- 
frangible Rays, and thence have their Colour ; 
and fo of their intermediate Degrees: Again, 
the Matter of ſome Bodies is ſuch, as reflects 
different refrangible Rays ; and therefore is in 
various Parts of various Colours x. 


A. Pray, 


The Colours of natural Bodies are of two Sorts. (1) Va- 
riable, which change and differ according to the Situation of the 
Eye, as in Silks, Satins, and the Tails of Peacocks, &c. (2) 
Permanent, which are always the ſame, and never vary. To 
underſtand the Reaſon of both which, it is neceſſary to premiſe 


the following Things. 
Firſt, 
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A. Pray, Sir, what can be the Meaning, 
that II hite and Black are not reckoned among 
the primary Colours of Light ? 

B. Becauſe 


Fir/t, That Rays of Light, by Means of a thin tranſparent 
Plate of Air, Water, or Glaſs, &c. are ſeparated from one ano- 
ther ; and according to the different Thickneſs of the Plate, the 
Rays of ſome Colours are tranſmitted, and thoſe of others are 
reflected. 

Secexdly, Such a very thin Plate is of a different Colour when 
ſcen by the tranſmitted Rays, from that which it is tinged with 
when ſeen by reflected Rays. 

Thirdly, To prove this, the uſual Experiment is to take a 
Plano-convex Glaſs (whoſe convex Surface is the Segment of a 
very large Sphere) as A (Fig. XXV. of Plate V, fronting 
b. 75.) lay this with its convex Surface on a plain Piece of Glaſs 
B, and compreſſing them together, there will appear, in the 
Point where they touch, a dark central Spot, and about it va» 
rious coloured Circles, as repreſented within CD. 

Fourthly, The Glaſſes thus compreſſed being placed under a 
Microſcope, the Colours of the ſeveral Circles may be clearly 
and largely viewed, and the Breadth of each, as alſo the Diſ- 
tances of thoſe Circles, may be accurately meaſured (by a Mi- 
cremeter fitted to a Microſcope) to the 10000th Part of an Inch. 

Fiſibly, To find the Thickneſs of the Plate of Air between 
the Glaſſes at the Periphery of any coloured Ring, ſay—As the- 
Diameter of the Glaſs's Convexity is to the Semidiameter of any 
Ring, ſo is that Semidiameter to the Thickneſs of the Plate of 
Air at its Periphery, Suppoſe the Diameter of the Sphere, the 
Glaſs was ground to, was 12 Feet, or 144 Inches, and the 
Semidiameter of the Circle 3 of an Inch; then 144: 55: : : 
Tard, therefore the Thickneſs of the Plate where that Circle 
is formed is 5545 Part of an Inch. 

Sixthly, The Colours of the Circles ſeen by the refleted 
Light, are much more vivid and diſtin, than thoſe ſeen by 
tranſmitted Light, which are faint and more dilute. 

Seventhly, The Rings made by Reflection are differently co- 
loured from thoſe made by the Tranſmiſſion of Light; Mhite, 
in the latter Caſe, will be oppoſed to Black in the | nk bag Red 
8 Blue, Tellaau to Violet, and Green to a Compound of Red and 

reen. 

Eighthly, 'The more obliquely the Rings are viewed in either 
Caſe, the larger they appear by much ; nor do they follow the 
ſimple Proportion of the Obliquity of the View; but as this 
increaſes, the Circles ſwell and dilate themſelves much more. 

Nis! 5 5 
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B. Becauſe Whzte is ſo far from being a 
pure, ſimple, original Colour, that, on the con- 
| trary, 


Ninthly, The farther the Circles are from the Center, the 
leſſer. and fainter their Colours appear ; the fifth, or ſixth, is 
the laſt which appears diſtin& ; though I have obſerved a faint 
Skim of Circles to the Number of 11 or 12 in the light Air, 

Tenthly, Water applied to the Edges of the Glaſs, is attracted 
between them, and filling all the Interſtice, is made to conſti- 
tute as thin a Plate of Water, as before there was of Air. 

Elewenthly, 'The Water approaching the coloured Circles in 
the Plate of Air, does in a great Meaſure deſtroy the Brightneſs 
of the Colours, leſſen the Number of the Rings, and contracts 
their Peripheries in the Proportion of 7 to 8, nearly. 

Tawelfihly, Bubbles blown up in Soap Water exhibit the like 
Appearance of coloured Rings, brighter towards the Top 
where the Bubble is thinner ; but towards the Bottom, where 
the Water running down makes the Bubble thicker, the Rings 
and Colours gradually become more faint and obſcure, till at 
laſt they quite diſappear. | 

T hirteenthly, Thin Plates of Mu/covy Glaſs ſhew Rings of 
Colours alſo, but if they are wetted with Water, the Colours 
become more faiat and languid, though they vary not in their 
Species. 

Fourteenthly, Light incident on thin Plates of Air, Water, or 
Glaſs, is diſpoſed, according to the different Thickneſſes there- 
of, to be either tranſmitted or reflected; where the Thick- 
neſſes are as the Numbers 1, 3, 5, 7, 9, Cc. the Rays are diſ- 
poſed to be reflected, and tran/mittedat the Thickneſſes expreſ- 
ſed by the Numbers o, 2, 4, 6, 8, 10, Cc. And this Action or 
Diſpoſition of Rays, in its Propagation, intermitting and re- 
turning by equal Intervals (as here ſpecified) for innumerable 
Viciſſtudes, occaſioned Sir /aac Newton to ſay— they were then 
in Fits of eaſy Reflection, or in Fits of eaſy Tran/miſffion. | 

Theſe Obſervations afford the following Concluſions con- 
cerning the Colours of natural Bodies. 

1. The Particles of all Bodies conſiſt of very thin Plates, or 
Laminz of Matter, in themſelves clear and pellucid ; this in 
ſome Meaſure is evident, by viewing the Particles of dry Earth, 
or Sand, with a Microſcope. 

2. Theſe very thin Plates do reflect or tranſmit Light inci- 
dent upon them, and thereby become coloured. 

3. The Colours of Plates depend on their Thickneſs and 
Denſity, and not on the encompaſſing Medium. 


Of the Nature and Order of Colours. 77 
trary, it is a Mixture of all thoſe ſeven original 
Colours together; or a Compoſition of Colours, 
even all the Colours in Nature: And, on the 
other Hand, B/ac4# is properly no Colour at all, 
being only the Hue of thoſe Bodies whoſe 
Subſtance abſorbeth all the Rays of Light, and 
therefore, by reflecting none, cannot, of Con- 
ſequence, be coloured at all. 

A. Then thoſe Bodies which appear Vite, 
I apprehend, are ſo by reflecting promiſcuouſly 


all the Rays of Light which fall on them“? 


B, Yes, they are ſo. I have one Thing 
more very curious on this Head of Colours to 
relate to you, and then, if you pleaſe, we will 
make a Tranſition to another Subject. 


4. The thinner the Plate, the more vivid the Colours. 

- 5, The more the "Thickneſs of a Plate is increaſed, the 
more Colours it reflects, and different ones, f 

6. The Colour of ſome Plates will vary, by changing the 
Poſition of the Eye, while others remain always the ſame. 

7. The thickeſt Plates reflect the red Rays, and the thinneſt 
the Violet-coloured ones. 

8. The denſer the Medium encompaſſing the Plates, or 
which fills the Pores of Bodies, the more obſcure and darker 
are the Colours, 

9. All Bodies appear of ſuch a Colour, as ariſes from the 
Mixture of reflected Rays. 

10. The more ſimple and vivid the Colours, the leſſer and 
more denſe are the conſtituent Particles or Plates of natural 
Bodies. 8 

For a larger Account of theſe Things, ſee Sir 1/aac Neav- 
ton's Optics, Book II. Graveſande's Elements, Vol. II. Book 3. 
Chap. 22, 23. Worſter's Prin. of Nat. Philoſophy, Page 239 
to 25 . Harris's Lex. under the Word Colour. 

Thus Sir Jaac proved by ſeveral Experiments (beſides 
bare Reaſoning) in mixing coloured Lights, and coloured 
Powders, in proper Proportions ; for the Compoſition was of 
as perfect a Whiteneſs as any in Nature: As may be ſeen at 
large in his Optics, Book I. Part. II. Prop. 5. 


A. Pray, 
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0 þ Eau what is that? J long to know, 
being raviſhed with theſe natural Cariokties,” 

B. It is this: Sir J/aac Newton, by Expe- 
riments, hath found that the Colours of Light, 
with Reſpect to their Quantity, were in Pro- 
portion to the /even mufical Notes, or {utervals 
of Sound, contained in an Oc ave, viz. Sol, la, 
fa, Sol, la, mi, fa, Sol. Fig. XIII. of Plate 
fronting . 120. 

A. A Diſcovery indeed ! ſure the happieſt 
Man that ever lived for Experiment. What! 
muſical Harmony in Co 

B. Yes, he diſcovered it thus: He cauſed a 
Sun Beam to be largely refracted on the Side 
of a dark Chamber, which produced the Spec- 
trum of Colours, repreſented by ABCDEF; 
in which he cauſed an Aſſiſtant exactly to marke 
the Confines of each Colaur, by drawing paral- 
lel Lines betwixt each, as am, br, c, Se. and 
Thus the Spaces V, I, B, G, Y, O, R repre- 
ſent the Quantity of the reſpective Colours, 
viz. Filet, Indigo, Blue, Green, Yellow, O- 
range, and Red: And upon a nice Exami- 
nation, he found the parallel Sides of the Spec- 
trum AT and CD to be divided in the Points 
a, b, , d, Ce. ſuſt in the Proportion as a mu- 
ſical Chord is divided for the Concords of an 
Oct aw; 2, Ve. as the Intervals of theſe Numbers, 
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A. This 


* Sce Sir 7/aac's Optics, Book I. Part. II. Prop. 3. where 
you have not only the Orig! inal of this excellent Diſcov ery, but 
alſo a Method deduced from thence to determine of the Sines 
of Refradion proper to each of thoſe Colours. For when the 
Sine of Incidence was 50, he found the Sine of Refraction for the 
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A. This would induce one to think there 
were ſome Kind of Relation between Mr/c 
and Colours; ſince it hence appears, that in 
Nature, the pleaſing Notes of the one, and 
the Quantities of the other, are in the fame 
Proportion, and both deſigned to delight and 
pleaſe Mankind, and ſooth the Cires of Life. 
B. One Thing more I muſt remind you of, 
and that is this: Some Perſons tell us, Colours 
are tangible Qualities, and may be diſtinguiſh- 
ed by Feeling, and give an Inſtance of one that 
could and did do it: But this is certainly im- 
poſſible to do naturally; and therefore if any 
one ever did do it, he muſt have a miraculous 


G of Feeling. 


leaſt refangible, or reddeſt Rays, was 77; and for tho which 
were moſt ſo, or deepeſt Violet, was 78 ; and for the interme- 


diate Colours he found 


Red ſ77 to 773 
Orange | 778 to 778 

+: Yellow : ( 775 to 777xF 

e I Green ? Rays extended from \ 715 to 772 
eee Moe 77 f £0775 

| Indigo | 775 to 774 

L Violer J C775 to 78. 


* Mr. Derham, in his Phy/ſico-Theolony (Page 144) aſſerts, 
that Colours may be diſtinguiſhed by the Touch, or Senſe of Fee!- 
ing; and to confirm this, relates a Story (from Grimald, d, 
Lum, & Col. Pr. 43,5 59.) of one at the Court of the Duke of 
Tuſcany, who on a Piece of Silk uniformly woven, and tinged 
with many Colours, being offered to him, did truly, by that 
Senſe only, judge of the Colours of every Part, ——Þur ſince 
Colours are but 2zalities, and no material Eſſences, I cannot be 
induced to believe this extraordinary Perſon could diſcern Co- 
lours merely as ſuch by Feeling, but rather from ſome ſmall 
Differences in the Surface of Silks and other Bodies tinged 
with various Colours, and occatoned thereby; which is 2 
Thing that not only he, but many, who deal in dyed Commo- 


dities, bave been able to da allo. 
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CH A ÞP. VII. 
Of Sound. 


B. ET us next entertain ourſelves with a 

4 Conſideration of the Nature and Pro- 
perty of Sound; for this is no barren Part of 
Nature, nor a uſeleſs Speculation, the Curious 
Know, 

A, Come on then, $7: If you are not ti- 
red, I never ſhall with theſe noble Diſquiſiti- 
ons and Enquiries ; and pray tell me, firſt, 
wherein $ornd doth conſiſt? 

B. Sound 1s the undulatory or wave-like 
Motion of the Air, ariſing from the tremulous 
Motion of the Parts of any Body, occaſioned 
by a Stroke; and thoſe Undulations or Pulſes 
of the Air beating on the 7 Tympanuin, or Drum 
of our Ears, convey, by the Nerves, this Sen- 
ſation to our Minds *. 

How doth it happen that one and the ſame 
Sound may be heard by ſo many at once, and 


in different Places? 


* Let AB be a String ſtrained and fixed at the Ends A and B; 
and then let it be drawn out of its natural Poſition AB into an- 
other ACB; if then it be let go, it will by its Elaſticity not only 
fly back again to its firſt Poſition AB, but in another ADB, 
which is { far above AB, as ACB was Lal It - aſter this, it 
will return again almoſt to C, and then retur n 2 almoſt to D; and 
theſe Cour/es and Recourſes of the BITLny g growing leſſer and leſler 
above and betow AB, it will at laſt ſettle into its firſt 2nd natural 
Poſition, and be again at reſt. N this is what is called the 
Vibration of a Chord or Strin ig drawn tight. an ſtruck, as in mu- 
ſical Inſtruments. See Fig XXVI. of Plate V, fro: ting p. 75. 


B. Becauſe 
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Of the Nature ef Sound. 3x 


B. Becauſe the Vibrations and Tremors of 
the Air, excited by the Percuſſion of any Bo- 
dy, are propagated in concentric Spheres all 
around the ſaid Body (which is their common 
Centre) to very great Diſtances; and therefore 
let a Perſon be any how, or any where ſituated 
within the Verge of thoſe Motions, he will 
equally hear the Sound, at equal Diſtances from 
the Body whence it comes: See Fig. XIV. of 
Plate VIII, fronting p. 120, where DD re- 
preſents a Drum, and D, 1, 2, 3, 4, 5, &c. 
the circular Pulſes of the Air, made by and 
conveying the Sound of the Beats to our Ears“. 

A. How is it to be proved, that Air is thus 
the Medium of Sound ? 

B. By the Experiment of a Bell in the Re- 
ceiver in an Air-Pump, which, before the Air 


* As there is a manifeſt Agreement between Light and 
Sound in many Particulars, ſo it is moſt of all conſiderable in 
Reflection from hard Bodies. For as Light is rendered more 
intenſely bright and hot, by being reflected from the concave 
Surfaces of Mirrours to a certain Point (vir. the Focus) where 
the Rays are crouded into a leſſer Space; ſo Sound being utter- 
ed within a long and narrow Space, as that of the Stentorophonic 
Tube, or Speaking Trumpet, is continually reflected, and re- 
verberated from the curved Sides into the Axis, whereby it be- 
comes more intenſe and ſtrong. at its Exit, is conſequently 
much louder, and may be heard much farther, than it could 
be otherwiſe. 

Thus alſo, if a ſmall Sound or Whiſper be uttered at one 
Side of a large Dome, or concave Hemiſphere, (as at the 
Whiſpering Gallery in St. Pauls) ſuppoſe at the Point A, 
(Fig XXV. of Plate V, fronting p. 75) then ſhall all the 
Sound ſtriking againſt the whole hemiſpheric Concave be re- 
feed to the Points B, B. B, Sc. and from thence to 
C, C, C, Oc. and, after ſeveral ſuch Reflections, will all be 
united in the oppoſite P; where the Sound will be much more 
ſtrong, loud, and audible, than at any other Point in che whole 
Dome or Concave. See Clare's Motion of Fluids, Page 341. 


I E 


82 The PHILOSOPHICAL GRAMMAR. 


is exhauſted, may be heard to a conliderable 
Diſtance; but when exhauſted, can ſcarcely 
be heard at the neareſt Diſtance *. 

A. What Velocity of Motion hath Sound? 

B. Very great, but not near ſo great as that 
of Light: Mr. Derham has found by Experi- 
ment, that the mean Velocity of Sounds is at the 
Rate of 1142 Feet in one Second of Time, 
or a Mile in 4. Seconds; and therefore would 
take up 17. Years in paſſing from the Earth 
to the Sun, which is near double the Velocity 
of a Bullet, at its firſt Diſcharge from the 


Cannon 1 3 


* This Experiment ſhews alſo, that Sounds are augmented 
ordiminiſhed proportionally as the Air is condenſed or rareſied. 
Thus it is known Sounds are weakeron the Tops of high Moun- 
tains, where the Air is more rare, than in low Vallies, where 
it is more condenſed by the Weight of the ſuperincumbent At- 


moſphere, See Varen. Geog. Gen, lib, I. cap. 19. Prop. ult. 
Sir Iſaac Newton ſ 968 
The Hon. Mr. Fr, Roberts 1300 
= Mr. Boyle 1200 

2 Dr. Walker 1338 (Feet in a Se- 

8 Merſennus 1474 f condof Time. 
< | The Florentine Academy 1148 
— I French Royal Academy 1172 
 UFlaomftead, Halley, Derbam 1142 


But the Reader may depend on the laſt, viz. 1142, as very 
juſt for a mean Rate of Velocity. 

Several good Uſes may be made of the Knowledge of the 
Velocity of Sound. 'Thus by it we can eafily meaſure the Di - 
ſtance of the Clouds producing Thunder and Lightning ; for ſup- 
poſe from the Moment we obſerve the Flaſh to the Moment 
we hear the Stroke of Thunder, we number four Seconds, then 
it is plain the Sound has come four Times 1142, i. e. 4568 
Feet, or ſomewhat above + of a Mile; and ſo far diſtant is the 
Cloud. In like Manner the Diſtance of Ships on the Sea, &c, 
is known by Firing of Guns. 
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A. Can you certainly tell how far Sounds 
may be heard ? 

B. Indeed this is a Matter not altogether 
certain; but there are Reports of Sounds (as 
the Exploſions of great Guns, &c } which 
have been heard to the Diſtance of 180 or 
200 Miles *. 

A. Doth not the Wind greatly obſtruct the 
Motion of Sound? 

B. No, not ſo much as one would imagine; 
tho' there is ſome ſmall Difference in the Ve- 
locity of Sound, with or againſt the Wind; but 
Sound is greatly augmented or. diminiſhed by 
the Strength or Weakneſs of the Wind. 

A. Is there any Difference in the Motion 
of great or ſmall Sounds ? 

B. Mr. Derham ſays, none at all; whether 
they be loud or languid, of Bells, Guns, &c. 
great or ſmall, or any other ſonorous Body. 

A. How do you eſtimate the Greatneſs or 
Intenſity of Sound? 


* Mr. Clare ſays, a Gentleman of great Veracity, who had 
lived ſome Years at Gibraltar, affirmed to him, that he has at 
Ola Gibraltar heard the Watch-word of the Night (viz. 4s 
well) given by the Centinel to the Patroll on the Ramparts of 
New Gibraltar, in a fill ſerene Night, and the Water perfectly 
ſmooth, and that as plain and diltinaly, he thought, as he 
ſhould have done had he been on the Rampart himſelf. The 
Bay between the two Places he judged to be about three Sani 
Leagues over, or above 10 Miles and a half. Motion of Fluids, 
Page 343, 344. Derham's Phyſico-Theol. Book 4. Chap. 3. 

ote 27. where he tells us from Dr. Hearn, that Guns fired at 
Stockholm in 1685 were heard 180 Engliſh Miles; and in the 
Dutch War, 1672, the Guns were heard above 200 Miles. See 
alſo his curious Experiments on Sound, in the Phil. Tranſ- 
actions, No. 300; and Harris's Lex. under the Word Sound. 


F 2 B. That, 
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B. That, Sir, is always as the Space paſſed 
through by the Particles of undulating 
Air, in their paſſive Motion backward and 
forward *. 

A. What farther have you to obſerve con- 
cerning the Motion of Sounds ? 

B. They fly equal Spaces in equal Times, 
and nothing but the Wind can accelerate or 
retard them ; not the Differences of Day or 
Night, Summer or Winter, Heat or Cold, 
Weather cloudy or clear, the Air heavy or light, 
Se. . 

A. Pray, Sir, tell me the Reaſon why, after 
the Strote, the Sound of ſome Bodies, as Bells, 
the Strings of mulical Inſtruments, &c. con- 
tinues ſo long, but weaker and weaker ? 

B. The Sound of Bodies endures in Propor- 
tion to the Number of Vibrations made there- 
in by the Stroꝶe, each Vibration producing a 
Wave in the Air, and each Wave repeating the 
Sound; but fill more and raore faint, as the 
Vibrations are leſs and leſs, till they entirely 
ceaſe : This is eaſy to be obſerved by the Ear 
in Bells, and by the Eye in a String under 
Tenſion. 5 

A. There is one Thing more J had almoſt 
forgot to enquire the Reaſon of, tho' I guels 


In a warm and rarefied Air, whoſe Flaſticity is therefore 
ſmall, the Strength or Intenſity of Sounds is not near ſo con- 
{iderable as in a cold and denſer Air, when the Elaſticity 

thereof is much greater. 

Ihe Velocity of Sound 1s 52 Times greater than that of a 
bnſk Wind, or Current of Air; and (as Mr. Hales aſſerteth) 
it is to that of undulating Water as 865 to 1. 


how 
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how it muſt be; but I beg your Thoughts of 
it, Sir; is it an Echo? 

B. This, Sir, is no more than the Repeti- 
tion of Sound, made by a Reflection or Reper- 
cuſſion of a Wave of Sound, from the Surface 
of very hard and ſmooth Obſtacles, as Walls, 
Sc. whence flying back, it re-ſalutes our 
Ears with the ſame Sound *. X 


A. This 


* 1. The Angles of Incidence and RefleQion are equal, as 
well in the Caſe of Sound as Light; and therefore it is eaſy to 
underſtand where the Echo will ve heard moſt diſtinctly, when 
the Figure of the reſlecting Surface and Situation of the Speaker 
is known. 

2. Thus let AB be the plane Side of a Tower (Fig. XXVIII. 
of Plate V, fronting p. 75% GH the Declivity of a Hill before 
it; let a Perſon utter a Voice at D, and ſuppoſing EC per- 
pendicular to the Plane AB, and the Angle DCE equal to the 
Angle ECF, the Echo of that Voice will be heard at F. 

3. The Diſtance of the Object returning, the Fcho of one 
Syvllable muſt be 24 Faces, or an 120 Feet; and for the Feb 
of two Syllables 28 Paces, or 240 Feet, and ſo on in a diret 
Proportion; ſo that an Object returning the Echo of 10 Sylla- 
bles mult be diſtant 240 Paces, or 1200 Feet. 

4. The famous Echo in Wordftock Park, near Oxford, returned 
17 Syllables in the Day, when the Wind was a little ſtirring, 
and 201n the Night; for then the Air being denſer, the Vi- 
brations became flower, and ſo a Repetition of more Syllables 
were audible ; as Dr. Plot relates in his Nat, Hiftory of Ox- 
fordjhire. 

5. Dr. Harris ſays there is a much finer Echo from the North 
Side of Shipley Church in Suſſex, which in the Night would 
repeat diſlinctly theſe 21 Syllables : 


Os Heomini ſubiime dedit Calumque tueri 
Tuffit, © erectes —— 


See his Lex. Tech. under the Word Echo. 


Nate, (I.) That the Object AB, which reflects the Sound, is 
called the Phanocamptic Object; and the Point C, on which the 
Sound impinges, is called the Phonocampiic Centre; from the 
Greek Word $@ri,a Voice or Sound, and x4w7rw, to bend or 
mflet, | 

F 3 Note, 
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A. This is juſt as I apprehended it to be: 
But pray, Sir, whence ariſeth the great Varie- 
ty in the Note or Tone of Sounds ? 

B. The Notes and Tones of Sound ariſe 
from the peculiar Nature of the ſonorous Bo- 
dy, the Manner and Degree of Percuſſion, 
and the different Make and Configuration of 
the Organ or Inſtrument of Sound; all theſe 
contribute to make that wonderful Variety 
and Difference in the Tunes, Notes, or Tones 
of Sound“. ö | 

A. Why 


Note, (2.) That as the Science of Viſion is called Optics, fo 
the Science of Sound or Hearing is called either Acouſtics, from 
&x#w, to hear; or Phonics, from @wvy, a Voice or Sound. Alſo 
Catacouſtics is that Part which treats of reflected Sounds, Echo's, 
Sc. and Diacouflics, the other Part which explains the Nature 
of refracted Sounds; and laſtly, thoſe Inftruments which are 
uſed to aſſiſt or improve the Sex/e of Hearing, are called Otacou- 
ftics, from 85, wre;, an Ear, and , to hear. 


* I ſhall here obſerve a few Things concerning Sound con- 
ſidered as the Subject of the excellent Science of Mu/c. 

1. Sounds, as they are more intenſe or remiſs, are ſaid to be 
loud and loau, or ſtrong and weak, which depends on the Nature 
of the ſonorous Body, its Figure, the Force of Percuſſion, &c. 

2. The ſame /oud or lau Sound hath divers Degrees of Note 
or Tone, which are in the Extremes called Acuteneſs and Gravi- 


ty of the Sound; in the lower Degrees, the Note or Tone is grave, 


Fat or loæv; in the higher, it is acute, ſharp or high, 

3 The Degrees of Acutengſi and Gravity make all the dif- 
ferent and diſtinguiſhable Tones or Tunes of a Voice or Sound; 
which are the component Parts of Harmony. 

4. Sound is again diſtinguiſhed into long and Sort, which 
relates to the Duration or Continuance thereof. 

5. Farther, Sounds are Simple or Compound : A Simple Sound 
is the Product of ce Voice, or individual Body, as that of one 
Wire or Word. A Compound Sound conſiſts of ſeveral ſimple 
ones, ali united in the ſame Meaſure of Time, or ſtriking the 
Ear all together: As the various Notes ſtruck at the ſame Time 
on different Inſtrumeats in a Concert, | 

| 6, Laſtly, 
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A. Why is it that ſome Notes, called Con- 
cords, are agreeable to the Ear, and others we 
call Diſcords, diſagree thereto ? 

B. We 


6. Laſtly, Sounds are either /200/h and even, or rough and 
harſh ; alſo clear and diſtinct, or hoarſe and obtuſe. To produce 
a ſmooth, even, and clear Sound, the Body muſt be homogene- 
ous in its Parts, and of an uniform Figure throughout ; other- 
wiſe, rough, obtuſe, and grating Sounds will enſue, The for- 
mer of theſe are only concerned in Myufic, and are therefore 
called harmonic, or muſical Sounds. 

7. As Sounds are produced by the Vibrations of the Parts of 
Bodies, and Strings or Chords are the moſt ſimple and proper 
Subjects to examine theſe Matters in; fo it has been found that 
the following Articles, reſpecting Chords and their Vibrations, 
are founded in Nature, and confirmed by repeated Experience. 

8. The Forces requiſite to draw any Chord or String ACB 
out of its Place (Fig. XXIX. of Plate V, fronting p. 75.) to the 
Diſtance of ce, , cg, are directly proportional to the Spaces, 
or Lines, ce, &, cg. | 

9. The Vibrations, therefore, of the ſame Chord are all per- 
formed in equal Spaces of Time; that is, the Chord will re- 
turn from the Situation AgB as ſoon as from AeB to ACB, be- 
couſe the Force at g is as much greater than the Force at e, by 
which it returns, as Cg1s greater than Ce. 

10. If Chords differ only in Tenſion, the Times of their Vi- 
brations are inverſely as the Square Roots of the Weights 
which ſtreteh them; that is, if the Weights are as 4 to 9, the 
Times will be as 3 to 2. | | 

11. The Number of Vibrations in the /ame Time, are directly 
as the Square Roots of the Weights ; that is, as 2 to 3, in the 
preceding Caſe. 

12. The Number of Vibrations made in the ſame Time by 
two Chords differing in Thickneſs, are as the Diameters of 
their Baſes inverſely. 

13. If Chords differ only in Length, the Times of their Vi- 
brations are directly proportional to their Lengths; and the 
Number of Vibrations in the ſame Time are inverſely as the 
Lengths. 

14. Hence Chords of different Tenſions, Diameters, and 
Lengths, may be ſo adjuſted, by compounding the foregoing 
Ratios, that the Times of their Vibrations ſhall be in any given 
Proportion; which is of great Uſe in ftripging Infiruments, as 


the Spiner, Harpfichord, &c. 
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B. We may ſay, they are ſo from the A- 
greement or Diſagreement of che ditterent 
Motions 


15. As the Tune of a Note or Sound is conſtituted by the 
Meaſure and Proportion of Vibration, in reſpect of their Ve- 
locity, the quicker Vibrations making the cuter "Done, ani the 
flower the graver one; ſo it follows, the Tune of any String's 
Note will be acuter or graver, in Proportion as it is ſualler or 
greater, ſhorter or longer, lighter or flacher. 

16. Two or more Notes or Sounds being made together, are 
called a Conſonance ; if the Sounds are of the ſame Tune, they 
are called UniJouance ; it of different Degrees of Tune, 71. e. of 
Auteneſs or Gravity, but yet make an Efe a agreeable to the 
Ear, they are called Concordance ; otherwiſe Diſjenance. 

17. A Concord, therefore, 1s the Apreement between two 
Sounds or Notes of different Times, either in Con/9narce or 
Succeſſion of Sound ; ſuch as 1s pleaſing and delightful to the 
Ear. | | 

18. As the Vibrations of Chords are the Canſe of Sounds in 
general, io the Cozncidences of the v Mekong of Chords are the 
Reaſon and Ground of Concordance + If there be two Chords, 
A, B, whoſe Lengths are as 4 to 3, the en it is plain (by the 13th 
hereof) that while the Chord A makes three Vibrations, the 
Chord B will make 3 wy! thy refore ſuppoſing thera to begin 
together, there will be conilantly at every three Vib: ations in 
A, and four in B, a (Ceincience 0 Vibration; that is, they 
will then vibrate toge ther, and! begin cach Period of Vibration 
ſo long as they continue in Motion. This makes them 
concord with each other, and produce an agreeable Sound. 

19. The more frequent theſe Coincidences are, the more a- 
grecable is the Conſonance; and therefore Uniſon is the firſt 
Degree of Concord, becauſe there the Vibrations begin and end 
together; this is expieſſed by the Ratio cf dne to one, wiz. 1:1. 
Next to this the Ratio of 1:21s the molt agreeable and perfect 
Cenccrd, and then 2: 3; aiter which, the Concordance becomes 
jeſs perfect and pleaſant i in the Ratios 5 4, 435» 5 3 6, be- 
yond which the Confonance 1s infufferable ; for in theſe the 
C oincidences of Vibrations become leſs frequent. 

20. Beſides the ſe 281 of Concord found in the natural Order 
of Numbers, 1: 2: 3: 4: 5: 6, there are ſome others, wit. 
3 . n the Ear * adjudgeth Concords, tho” in 
a lower Degree. And hence, it is plain, there is ſomewhat be ; 
ſides the Frequency of the Coincidences of Vibrations, that 
gualifes the Ratio for Concordance or pleaſing Sound; for elſe 
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Motions in the Air producing them ; but a 
Perſon 


4:7, or 5: 7, both Diſcords, would be preferable to 5: 8, a 
Concord contrary to Experience. oh 
21. If one certain String be ſtruck, in order to compare the 
Sounds of others with its own, it is called the Furdamental ; 
and its Note is called the Key or Key Note. A Table of all 
the Concords between the Ratio of Uniſon 1: 1, and the Oc- 
lade 2: 1, expreſſing the Lengths, Vibrations, Coincidences, 


Naraes, and Perfe&tions thereof, you have here ſubjoined. 


Length. ] Vibrat. Coin. Names. Perfection. 


1 J.AQco 


log ooo Uniſon. Moſt Perfect. 


1600 625 Sixth Leſſer. Imperfect. 
167 600|Sixth Greater. Imperfect. 
5oojOttave. Perfect. b 


. 1 
6 5 3 120} 833 Third Leſſer. Imperfect. 
1 4 23 125 800, Third Greater. Imperfect. 
ej 14 133] 750 Fourth. Imperfect. 

2 24 150 666\Fifth. Perfect. 

8 

5 

92 


200 
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22. This Table wants but little Explanation ; take an Fx- 
ample ofthe 5th z the Length of the Chords ſounding this 


Concord mutt be as 3 to 2; their Vibrations then performed in 


the ſame Time, will be as 2 to 3; the Coincidence of theſe 


Vibrations will be atevery 2d Vibration of the Fundamental; 
the Chord, which is a 5th, makes 150 Vibrations, while the 
Fundamental makes 109. The ſame Chord is 666 of ſuch 
equal Parts as the Fundamental contains 10co. It is called a 
Fifth, as being the 5th Note from the Key incluſive; and is 
a perfect Concord. 

23. To divide a Right Line fo as to exhibit the ſeven Con- 
cords, is very eaſy; for let AB be the given Line, (Fig. XXX. 
on Plate V, fronting p. 75.) divide it into two equal Parts in 
C; and divide CB into two equal Parts in D; and laſtly, di- 
vide CB into two equal Parts in E. 


AC to AB ci: 2, An Octave. 
AC to AD 4223 
46 to AB 3 : 4, A Fourth. 
Then is J AC to AE F as 44: 5, A Third Greater. 
AE to AD 5 : 6, A Third Leſſer. 
EB to AE 3 : 5, A Sixth Greater. 
LAE to AB 5 : 8, A Sixth Leſſer. 


24. Of 


— 22 — — — * 
1 7% 
= N Y * 


— . A wü -W du — * _ 


. 1 
1 

45:4 

0 = 1 
_ | 

= 

E | 1 
18 1 
\F 11 
ine 
F. 5 f of » 
= 11 14 
10 * * [i 
8 5 4 
_ 
* | 
= ww 
3 6. 0 I 
. 
5 . 
by bf 3 
= b [ 1 j 

0 15 
3 i 1 
bl \ 
« , + = 
_— 
1 * 7 
— 1 
1 il _ . 
1 


= 


go The PHILOSOPHICAL GRAMMAR. 


Perſon is little the wiſer for that: I therefore 
reſolve 


24. Of theſe ſeven Concords, three of them are /impl-, the 
reſt compound, The ſimple Concords are 5: 6, a third leſs, 
4: 5, a third greater, and 3: 4, a fourth; for theſe cannot 
be parted into any other Concords, by putting any mean Num- 
ber (whether Arithmetical or Harmonical) between the Terms 
of the Ratios. 

5. But the other four Concords are compoſed of the ſimple 
ones, as is plain by interpoſing an Arithmetical or Harmonical 
Mean, or both, between the Terms of the Ratios of theſe Con- 
cords, as in the following Table. 


With Arithmetical Meant. 


A Fifth, or 2: 3, contains 4: 5: 6, a 3d greater and zd leſs. 
A Sixth, G. or 3: 5, contains 3: 4: 5, a 4th and zd greater. 
An Octave, or 1: 2, contains 2: 3: 4, a 5th and 4th. 


With Harmonical Means. 


A Fifth, 2:3, contains 10: 12: 15, a 3d leſſer and 3dgreater, 
A Sixth, G. 3: 5, contains 12 :,15: 20, a 3d greater and 4th. 
AnOctave, 1: 2, contains 3: 4: E, a 4th and 5th. | 
Alſo between the Terms of a Sixth leſſer, 5: 8, you put the 
Mean 6, it reſolves it into 5: 6: 8, a zd leſſer and 4th. 

26, If between the Extremes of the Odave 6: 12, we put 
an Arithmetical Mean q, it reſolves it into 6: 9: 12, a 5th 
and 4th. If you put an Harmonical Mean 8, it reſolves it 
into 6: 8: 12, a 4th and 5th. If both the Means are interpoſed, 
the Series will be Geometrical, wiz. 6: 8: 9: 12. Thus it 
appears, that a 4th and 5th are the two Concords that the Oc- 
tave is immediately reſolvable into. 

27. The Relations of a zd, 4th, 5th, Gch, an Octave, to 
the Fundamental, are called Primary Relations, and are Concords 
therewith, as we have ſeen: But the Relations of Concords to 
each other, are called Mu/ical Relations, and theſe ought to be 
all concord, to make or ſtand together in Harmony. 'Thus the 
3d greater, 5th and Octave, make perfect Harmony; for the 
5th is to the 3d greater, as 5 : 6, a 3d leſſer; the Octave to the 
3d greater, as 5: 8, a Sixth leſſer; the Octave to the 5th, as 
3: 4, a Fourth. But the 4th, 5th, and Octave, cannot make 
Harmony, becauſe the Ratio of the 5th to the 4th is as 8: 9, 
which is a Diſcord, | | 


28, Har- 
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reſolve it into the Will, Power, and Goodneſs 
of 


28. Harmony is a compound Sound, conſiſting of three or 
more ſimple Concords in Conſonance, and therefore all Di, 
cords, in the primary Relations eſpecially, and alſo in the mutual 
Relations of the acute Terms of the Ratios, are abſolutely for- 
bidden. Though it is true, Diſcords are uſed in Muſic, yet 
their Uſe is only to make the Concords appear more agreeable 
by the Oppoſition. 

20. The Intervals of Concords are termed harmenions ; the 
Intervals of Diſcords are of two Sorts ; the firſt are called Con- 
cinnous Intervals, becauſe they are fit for Muſic in Combination 
with thoſe of the Concord, being in themſelves neitheragreeable 
nor very Qiſagreeable. They ariſe from the Differences of the 
Concords. Thus the Difference between a 4th and a 5th, wiz. 
2 and 4, is 3, or 8:9; this conſtitutes the Note which is 
called the Second greater from the Fundamental, and the Diffe- 
rence between a-3d greater and 4th, 1s 15 : 16, and this makes 
the Second leſer, which is the very next the Fundamental. 

30. The Ratio 8: 9g is called a greater Tone or Interval, 
9: lo a er Tone, and 15: 16 a Semitone, or rather, an In- 
terval greater than half, and leſs than a whole Tone. Now if 
from a leer Tone 9 : 10 (the Difference of a zd leſſer and 4th) 
you take an Octave 1: 2, there will remain the Ratio 5: 9, 
which is the Note above the 6th greater, viz, the Seventh leſſer; 
and the Seventh greater is the Difference between the Semitone 
15: 16 and the Octave 1: 2, wiz. the Ratio 8: 15. And 
thus you have all the Intervals both Harmonious and Concinnous 
which conſtitute the Notes in preſent Uſe; the reſt are all in- 
concinnous, which produce very harſh Notes, or groſs Diſ- 
cords, too bad to be uſed in Muſic. 

31. The Firſt or Fundamental Note of any Tune or Song, is 
called the Key, as being that to which all the Notes in the 
Melody of that Song are referred, and by which they are go- 
verned and regulated. In this Key the Melody generally be- 
gins, and always cloſes. 'The Key is diſtinguiſhed into two 
Kinds, viz, the Flat and Sharp Key. 

32. The Flat Key is that which hath always the 2d greater, 
ad leſſer, 4th, 5th, 6th leſſer, 7th leſſer, and Octave; the Sharp 
Key has the 2d greater, 3d greater, 4th, 5th, 6th greater, 7th 
greater, and Octave. Whence it is plain, that the Air or Tone 
of the Melody in the Flat Key is a half Note lower than it is in 
the Sharp Key; and is therefore more ſuited to, and generally 
uſed in the melancholy and mournful, than briſt and airy Tunes, 
which the other Key is adapted to, being half a Note higher. 

33. Theſe 


92 The PHILOSOPHICAL GRAMMAR, 
of the great Creator, who, doubtleſs, deſigned 


the pleaſing Harmony and Melody of Sounds 
to 


33. Theſe ſeven natural Notes are generally repreſented by the 
ſeven letters, A, B. C, D, E, F, G, in a ſingle Octave. If the 
Key be Sharp, the 3d, 6th, and 7th above have this Mark (*) 
afiixed to the Characters of theſe Notes to denote it; as thus, 
if A be the Key, A, B, C“, D, E, F“, G“; or if the Key be 
Flat, the! ave this Mark (P), as A, B, Co D, E, F, Gd, 

34. This Diviſon of the Octave is moſt natural, and becauſe 
it contains three greater {7 525, two laſſer Tones, and two Semitones, 
1s called the DIATONIC SCALE of Muſic, but more vulgar- 
ly the GAMUT, from the Name of the loweſt Note therein, 

35. The Gamut contains three Parts, called Clifts, the Baſe, 
the Tenor, and the Treble Clifts, as repreſented in Fig. XXXI. 
of Plate V, fronting p. 75; each Part ſingly contains five Lines, 
on which, and in the Spaces between them, are wrote the 
Characters of the Notes. The Marks of the Clifts, and Names 
of each Part, you there ſee expreſſed. Part of the Tenor is com- 
mon to the Baſe below, and the Treble above. 

36. Muſicians, in writing Muſic, uſe various Characters to 
expreſs Notes of different Length of Time, as Breve, Semibreve, 
&c. any one of which contains two of the next below, in com- 
mon Time; but in what is called Triple Time, a Semibreve con- 
tains 14 Minum, 3 Crotchets, 6 Duavers, &c. See Fig. XXXII. 
of Plate V, fronting p. 75. | 

37. J have thought it expedient to illuſtrate the foregoing 
Rudiments of the Theory of Muſic, by an Example of an Octave 
in the Baſe Clift of a Sinet [Fig. XXXIII. of Plate VI, front- 
ing p. 92.) where you obſerve a Scale divided into an 100 equal 
Parts; oppoſite to which are placed the Strings which ſound 
the 12 Notes or Semitones of the Octave; at the lower End, 
are the Keys of the ſeven natural Notes, marked with the Let - 
ters C, D, E, F, G, A, B, C, between which are the other Keys 
of the Semitones. The Key Note is C, with reſpect to which 
the Strings of the other Keys are proportioned in Length, as 
they are 2d, 3d, 4th, Oc. to it. On each String are Numbers, 
ſhewing how many equal Parts of the Scale it contains; and 
others which ſhew the Ratio of its Length to that of the Key 
or Scale. From the Ends of the Strings go dotted Lines to the 
Notes of a Tune wrote in the Gamzu!, in their proper Lines and 
Spaces. On the left of the Scale of equal Parts is the Diatonie 
Scale, ſhewing, both in the Flat and Sharp Keys, the Inter- 
vals of the Tones and Semitones, and their Order in each. . 
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to ſweeten and heighten the Pleaſures of hu- 
man Life, and to alleviate and diſpel its 
Cares *. | 


38. Thus much ſhall here ſuffice for a ſhort Sketch of the 
Theory of Mufic; they who would ſee more, may read Dr. Hol- 
der's Grounds of Harmony; Salmon's Theory of Mufic, in 
Philoſ. Tranſ. No. 302; Malcolm's excellent Treatiſe of Mufic ; 
Tack/on's large Scheme of Muſic ; and Harris's Lex. Tech. 
under the Word Mufic; beſides various others. 

Among all the wonderful Effects aſcribed to the Power of 
Maſic, none is more ſurpriſing and important than that of 
curing the venomous Bite of the 7zalian Spider, called the 
Tarantula. The Part bitten is ſoon affected with a very acute 
Pain, and a few Hours after with a Nambneſs; upon which 
enſues a profound Sadneſs, and a difficult Reſpiration ; the 
Pulſe grows weak, the Sight is diſturbed, and the Perſon loſes 
Knowledge, Senſe, and Motion. The Doctor is conſulted in 
vain; the Muſician here alone performs the Cure; he tries a 
Variety of Airs, and when he chances to hit on that Harmony 
that accords with the Patient, he begins to move by Degrees, 
and keeps Time with his Fingers, Arms, Legs, and Body ; 
then he raiſes himſelf up and dances, increaſing in Strength and 
Activity. This dancing Fit continues fix Hours, or a Day, or 
ſometimes two Days. When the Muſic ceaſes, the Perſon 
gives over dancing, and is put to Bed. This Proceſs is re- 
peated till the Patient has recovered himſelf, which is by little 
and little; and every ſick Perſon has a particular Air or Tune, 
and always a very ſprightly one. See Philoſophical Conver. 
fation, Vol. II. Conv. 15. Alſo Derham's Phyſico-Theology, 
Bork LV. Chap, III. Malceln's Muſic, Chap, XIV. 5 3. &c. 
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CHAP. IX. 
Of Graviry and Leviry: Of Ar- 


TRACTION and ELECTRICITY. 


A. HAT is meant by the Gravity of 
Bodies ? 

B. That Property, Power, or Force, where- 
by all Bodies tend downwards, in right Lines, 
to the Centre of the Earth. 

A, Is not this what is called the Weight of 
Bodies ? 

B. No; for the Weight is properly the Ef- 


fect of Gravity, cr the Meaſure or Quality of 


this Power acting on them. 

A. How do you ogy the Kinds of 
this Property? 

B. Into abſolute and ſpecific Gravity. 

A. What is abſolute Gravity? 

B. All that Power whereby a Body tends 
towards the Centre of the Earth. 

A. And how doth ſpecific Gravity differ 
therefrom ? 

B. The ſpecific, or relative Gravity, 1 is that 
which is peculiar and appropriate to any di- 
{tin Species of Bodies, and diſtinguiſheth 
them from others, when compared with 
them. 


A. What is the Meaſure of Gravity i in 
Bodies : 


B, Their 


Mc. i... 
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B. Their Quantity of Matter; for their 
Weight or Gravity 1s always proportional 
thereto. - 

A. Pray whatdo you call that Point towards 
which Bodies naturally tend? 

B. The Centre of Gravity, which is very 
near the Centre of our Earth, for all Bodies 
within its Verge or Power: And thus the Cen- 
tre of Gravity of the Planets is ſaid to be near 
to the Centre of the Sun, about which there- 
fore they all circulate *. 

A. In what Manner doth this Power of 
Gravity act on Bodies ? 

B. Equally and abſolutely on all alike, with- 
out regard to their Figure, Size, or Quantity 
of Matter. 

A. If ſo, one would think all Bodies would 
deſcend with equal Velocity or Swiftneſs. 


B. So they would in Reality, were it not 
for the Reſiſtance of the Air. 


* The common Centre of Gravity of two Bodies 1s a Point 
ſo ſituated in a right Line joining their Centres, that their 
Diſtances from it on eagh Side are reciprocally as the Quanti- 
ties of Matter in the ſaid Bodies. 

Example. Let A be a Body of 12 th, and B another of 4 th ; 
Join their Centres by the Line AB; then ſay, as ATB: A:: AB 
: BC, that is, As the Sum of the two Bodies 16 i is to the 
greater 12 Ib, ſo is the whole Diſtance AB to the Diſtance 
BC, which gives the Point C, the common Centre of Gravity 
between them. If a third Body D of 6 IÞ be added, to find 
the common Centre of all the three Bodies A, B, and C; ſay, 
as A+B+D:D :: CD: CE, which gives E, the common Cen- 
tre of all their Gravitation. In this Manner you find the com- 
mon Centre of Gravity for any Number or Syſtem of Planets. 

For the Common Centre of Gravity of Lines, Superfices, and 
Solids, ſee VMallis's Mechanics, and other Writers on the me- 
chanical and experimental Philoſophy, particularly Dr. De/a- 
guliers's Courſe, Vol, I. LeR. 1k and 2d. 
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A. This is a ſtrange Aſſertion! Pray how 
do vou prove it: 

B. By the Air-Pump ; for put the lighteſt 
Feather and a Guinea together in the Re- 
ceiver, holding them faſt at the Top till the 


Air be exhauſted, then letting them go, you 


will perceive them deſcend to the Bottom in 


the fame Moment of Time, and with incredi- 
ble Swiftneſs. | h 

A. This is indeed very curious and won- 
derful, and almoſt paſt Belief, that the light- 
eſt Bodies ſhould deſcend as ſoon as the hea- 
vieitf! 

B. Yes, they will zin vacuo indeed; but in 
the reſiſting Medium of the Air, Bodies gra- 
vitate towards their common Centre, and one 
another, according to their difterent Quantity 
of Matter contained in them, as I ſaid before. 

A. What, Sir, do you ſay that Bodies gra- 
vitate towards one another? 

B. Yes, they do: The Moon gravitates to 
the Earth, and fo does the Earth to the Moon; 


This may ſeem wonderful at firſt Thought, butthe Wonder 
will ſoon ceaſe, if we only conſider, that each equal Particle of 
Matter is aGed upon by an equal Force of Gravity, and that 
therefore every ſuch Particle in one Body muſt needs deſcend 
with the ſame Velocity that every ſuch Particle does in another. 
Conſequently, if the Matter of the Feather conſiſt of ten Par- 
ticles, and that of the Guinea ren Thouſand, it is plain, that 
{ince there is 1000 Times more Particles in the latter Caſe to be 
moved than in the former, there will be required a thouſand 
Times greater Force of Attraction to move the Guinea, than 
to move the Feather, with the ſame Velocity; but this is all 
the Force that can poſſibly affect the Guinea; tbe Velocity of 
Motion therefore in both Caſes muſt be the ſame; it is the 
Quantity of Motion only in the Guinea, which is 1000 
Times greater than that of the Feather. 
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Of the Gravitation and Deſcent of Bodies. 957 
the Satellites of Fupiter and Saturn to them; 
and Jupiter and Saturn gravitate to the Sa- 
tellites ; yea, the Earth gravitates or moves 
towards the Stone that falleth, as well as 
the Stone gravitates or moves towards the 
Eartb. 

A. Aye, indeed, why then, if the Earth 
moves towards all Bodies falling on it, how Is 
it that we can never perceive it ! 5 

B. By Reaſon of the vaſt Diſproportion of 
Matter in each; for ſuppoſe a Stone 100 
ſolid Feet in Magnitude, let fall from a 
Height equal to our Chicheſter Spire, vig. 300 
Feet; then becauſe the Globe contains about 
200000000000000000000000 ſolid Feet, and 
ſuppoſe the Earth every where to be of the 
ſame Denſity with common Stones, then the 
Quantity of Matter in the Earth will be to the 
Quantity of Matter in the aforeſaid Stone of 
100 Feet, as 300000000000000000000 to 1; 
and therefore, while the Stone falls 300 Feet, 
the Earth will move towards the Stone the 
r O c_=_ 8 
which 1s ſo very ſmall a Matter, as to be not 
only imperceptible to the Senſes, but incon- 
ceivable by the Imagination. 

A. Very ſmall indeed. Bat, Sir, now we 
are upon the Deſcent of heavy Bodies, pray at 
what Rate of Velocity doth a Body deſcend 
to any given Diſtance downright ? 

B. The perpendicular Deſcent of Bodies, 
is at the Rate of 15 Feet in one Second of a 


Minute ; and for all the following Seconds, 


G the 
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the Spaces are as the Squares of the Seconds: 
Thus, ſuppoſe a Body keeps falling 1, 2, 3, 4. 
&c. Seconds, the Squares of theſe Times will 
be 1, 4, 9, 16, Cc. and the Spaces paſſed 
through at the End of each will be 15, 60, 
144, 240, Sc. and the exact Number of Feet 
paſſed through in each ſingle Second will be as 
the odd Numbers, 1, 3, 5, 7, &c. that is, 
15, 45, 75, 105, Sc. Feet; all which is diſ- 
tinctly and naturally feen in the Line AB, Fig. 
XV. of Plate VIII, fronting p. 140“. 

N A. In 


* 1. If then a Body were projected or thrown from the Point A 
in the horizontal Diſtance AB, it would, in an unreſiſting Me- 
dium, and without Gravity, proceed with an uniform Motion; 
and, in equal Times, deſcribe equal Spaces AC, CE, EG, GB, 
Se. But, ſince all Bodies have Gravity, the ſame Body A 
would with its Gravity alone, inthe ſame equal Times aforeſaid, 
deſcend through the Space Ac, cg,eg, gh, &c. Draw CD, equal 
and parallel to Ac, and cD the ſame to AC ; then, becauſe the 
Body A is urged with two Forces, one in AC, the other in Ac, 
it will be carried in a Direction between both, and at the End 
of the firſt Moment will be found in D, the oppoſite Angle of 
the Parallelogram AcDC (according to Note “ in Page 54.) 
Thus in two ſuch Moments, while it would have deſcribed 
twice the horizontal Space AE, or four Times the Perpendi- 
cular Space Ae, by ſingle Forces, it would by Compofition 
of thoſe be found in F. And fo after three ſuch Moments it 
will arrive to H; after four to K, &c. Now ſince Ac, Ae, Ag, 
Ab are as the Numbers 1, 4, 9, 16, they are as the Squares of 
the Lines D, eF, gH, K. But this is the common Property 
of the Parabola, as all Writers on Conics demonſtrate. There- 
fore all Projectiles, or Bodies thrown in any Direction, deſcribe 
the Curve of a Parabola in their Deſcent. 

2. On this Principle depends the Art of Gunnery; let AN 
be a Cannon (Fig. XXXVI. of Plate VII, fronting p. 99) ele- 
vated above the horizontal Level AM, inthe Angle BAM; a 
Bomb diſcharged from the Muzzle A will leave the rectili- 
neal Direction AB, and deſcribe the parabolic Curve AIM. 
AM is the Amplitude of the Projection, or horizontal Random 
of the Bomb; TI, I, is the Height thereof. Now a ſkilful En- 
gineer knowing the Diſtange of an Object, as the Spire 8, can fo 

pro- 
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Of the Gravitation and Deſcent of Bodies. 99 
A. In what Manner or Proportion does the 


IPeight of Bodies increaſe or decreale,. with 
reſpect 


roportion the. Charge of Powder, and the Elevation of the 
— that the projected Bomb M ſhall deſcribe ſuch a Para- 
bola AIX, as ſhall paſs through the propoſed Object 8, which 
therefore muſt be hit by the Bomb in its Courſe through that 
Curve. | 

3. Since a Body falling freely, deſcends with a Motion equal- 
ly accelerated in equal 'Times, as proved by Experiments, and 
evident to Reaſon; and alſo fince the Motion of a Body deſcend- 
ing upon an inclined Plane is of the fame Kind, as the Mathe- 
maticians prove (ſee KeilPs Introd. Pag. 207) the Forces by 
which two Bodies, A, B, deſcend, one of which falls freely, the 
other B runs down an inclined Plane, if they begin to move in 
the ſame Moment, are always toone anotherin the ſame Ratio, 
as in the Beginning of the Fall, which Ratio 1s as the Length 
of the Plane AE to its Height AD (Fig. XXX VII. of Plats VII, 
fronting p. 99.) See the laſt Article of Note“, in Page 54. 

4. The Eyed of thoſe Forces, therefore, that is, the Spaces 
goed through by theſe Bodies in the ſame Time, are in the ſame 
Ratio of the Length of the Plane to its Height. On the Height 
of the Plane AD deſcribe a Semicircle ACD, this will cut the 
Plane in C; join CD ; then, ſince the Angle at C is a right 
one, the Triangles AED and ADC are ſimilar, and ſo the Ra- 
tio of the Side AD to AC is the ſame as of the Side AE to 
AD. Conſequently, while the Body A deſcends freely to D, 
the Body will deſcend on the inclined Plane to C. I. 

5. In the ſame Manner it is ſhewn, with reſpect to any other 

inclined Plane AFD, that while a Body A falls freely from the 
perpendicular Height AD, the Body B let go at the ſame Time, 
will arrive on the 1nclined Plane to the Point G. But AD is 
the Diameter of a Circle, and AC, AG, two Chords in the * 
ſame ; therefore a Body falls through the Diameter, or any Chord 
of a Circle, in the ſame Time. 
6. Let AB be a String with a Weight B at the End, hang- 
ing freely from the Point C, (Fig. XXXVIII. of Plate VII, 
fronting p. 99) this is called a Pendulum. Let the Weight B be 
brought to the Point D, and there let go, it will by its own 
Gravity deſcend to its firſt Place B, and then with the Velocity 
acquired in that Deſcent will aſcend to E, fo that BE will be 
equal to BD; and this Motion or Swing of the Body from D 
to E is called a Vibration. 

7. The Bb or Ball of any Pendulum, vibrating freely, de» 
ſcribes the Arch of a Circle, as DBE, whoſe Diameter AB is 
twice the Length of the Pendulum CB, If the Arches BD, BE, 
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reſpe& to their Diſtance from the Centre of 
Gravity? 

B. The 


are very ſmall, they do not ſenſibly differ from the Chords ED, 
BE ; there the Deſcent of a Body through a /mall Arch, and 
through its Chord, is performed in the ſame Time, as far as 
Senſe can diſcern, But the Deſcent of Bodies in any Cherd 
is in the ſame Time, and therefore all Vibrations of the ſame 
Pendulum, though unequal, are performed in the ſame Time. 
8. The Velocities acquired in the loweſt Point B, by a Body 
deſcribing different Arches DB, KB, are as the Subren/es or 
8 thoſe Arches. See Keill's Introd. Lect. 15. Theor. 
, and 43. 
1 The T imes of the Vibrations of two Pendulumt, CB and 
ch, (Fig. XXXVIII. and XXXIX. of Plate VII, fronting p.99) 
are in the ſubduplicate Ratio Ci. e. as the Square Roots) of their 
Lengths, for the Body deſcends from D to B, in the ſame Time 
it would fall freely through the Diameter of the Circle; i. e. 
twice the Length of the Pendulum ; therefore it performs one 
Vibration from D to E in the ſame Time that it would fall by 
the Force of Gravity through four Times its Length CB. Thus 
alſo the Pendulum ch vibrates from 4 to e in the ſame Time it 
would fall freely through four Times its Length c6. But Spaces 
Paſſed through in this Caſe, are as the Squares of the Times, 
and therefore the Times are as the Square Roots of the Spaces, 
Conſequently, the Time of a Vibration through DE, is to the 
Time of a Vibration through de, as the Square Root of four 
Times CB to the Square Root of four Times cb, or as the 
Square Root of CB to the Square Root of cb. 

10. It has been ſound that a Pendulum, which ſhall vibrate 


Seconds of Time in our Latitude, muſt be 3945 Inches in 


Length; if then it be required to find the Length of a Pendulun, 
that ſhall vibrate half Seconds; ſay, as the Square of 1 (which 
is 1) is to the Square of 4 (which is g) ſo is 39; to 955; Inch- 


es, the Length of the Pendulum required. Thus the Length to 


vibrate Thirds of Seconds will be found 4435; Inches; and 


the Length to vibrate quarter Seconds will be 25; Inches. 


11. From hence it appears, that a Pendulum is an univerſal 
Chronometer, and that = it a Perſon may meaſure 'Time very 
truly when deftitute of a Clock or Watch. For hang up any 
String with a Bob to it, and let it vibrate ; then having num- 
bered the Vibrations performed in the Time propoſed, ſay, 3 
3978 is to the Length of the String, ſo is 1 to a Number, 
whoſe Square Root is the Time of one Vibration made by the 
Pendulum, which multiply by the Number of Vibrations, and 


you have the whole Time required, So that you divide the 


Lengti 
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B. The Weight of Bodies is reciprocally as 
the Squares of the Diſtances from the Centre 
of Gravity, _ | 

A. I ſhould be glad if you could exemplity 
this to my Apprehenſion. 
B. That I can eaſily. Suppoſe ZPNS the 


Globe of our Earth, and its Centre C, the 


Centre of Gravity; let there be a Body placed 
on its Surface at Z, whoſe Weight let be 3600 
Pounds; then if this Body be removed to the 
Diſtance CF, two Semi-diameters of the Earth, 
you have its Weight there by this Analogy, 


Length of the Pendulum by the conſtant Number 394;, and 
take the Square Root of the Quotient for the Time of a Vibra- 
tion. 

12. Let AB (Fig. XL. of Plate VII, fronting p. 99) repre- 
ſent an uniform Bar of Iron, or any other Thing ; let this be 
made to vibrate; and with it hang up a common Pendulum 
CD that ſhall vibrate in the ſame Time with it ; the Length of 
ſuch a Pendulum CD will ever be found equal to AG, which is 
3 of AB. This Point G is therefore called the Centre of O/cil- 
lation; and has the ſame Effect, as if all the Weight of the Bar 
was collected into it: Conſequently, if that Point of the Bar 
be made to ſtrike an Object, the Blow will be greater than 
from any other Point; for which Reaſon it is alſo called the 
Centre of Percuſſion, 

13. It is ſaid, that Ricciolus was the firſt who meaſured Time 
with a Pendulum, and that herein he was followed about the 
ſame Time by Yendelinus, Mercennus, Kircherus, &c. ſome of 
whom declared they knew nothing of Ricciolus's Attempt, But 
the firſt who applied it to a Movement, a Clock, or Patch, was 
the famous Mr. Chri/topher Hugens, who brought it alſo to a 

ood Degree of Perfection. See Lex. Tech. Magnum, under the 
ord Pendulum; and moſt mechanical Writers on this Subject. 
As to what farther concerns the Doctrine of Projediles, I ſhall 
leave that to the Chapter of Hydroſtatics, in the laſt Part of this 
Book. And for a compleat Theory of the ſaid Doctrine, I refer 
the Reader to Ke#i//'s Introduction to Natural Philoſophy ; and 
for the Praxis thereof, or its Application to the Art of Gun- 
nery, he may conſult the Young Trigonometer's Guide, Vol. I. 
Part II, Chap. V, | 
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4:1:: 3600: 900. If the ſaid Body were re- 


moved three Semi-diameters to E, the ſame 
Analogy finds its Weight there, vi2.9:1:: 
3600: 400. And at the Diſtance of fix Semi- 
diameters, the Weight thereof will be but 100 
Pounds; for36: :: 3600: 100. Thus, at 
the Diftance of 1, 2, 3, 4, 5, 6 Semi- diame- 
ters from the Centre of the Earth, the Dimi- 
nution of the Weight of ſuch a Body would be 
as theſe Numbers, 3600, goo, 400, 225, 145, 
100. Thus, on the contrary, he who beareth 
100 Pounds Weight on the Earth's Surface, 
would, with equal Eaſe, ſuſtain the Weight 
of 3600 Pounds, at the Diſtance of 6 Dia- 
meters, as at A. See Fig. XVI. on Plate VIII, 
fronting p. 120. 

A. After ſo much of the Gravity of Bo- 


dies, let me know what the Philoſophers ſay 


of the Levity of Bodies? 

B. There is no ſuch Thing, philoſophically 
ſpeaking, as abſolute Levity or Lightneſs; this 
is only a comparative Term, and implies no 
more, than the Difference of the Weight of 
Bodies compared together, or their ſpecific 


Gravity. 


A. Pray, what Diſtinction do you make 
between Gravity and Attraction? 

B. In the Nature of the Thing there is no 
Difference, they are both one and the fame 


Principle, only in the Manner of conſidering 


it this Diſtinction ariſeth ; if we reſpect it in 
the Body, containing the Centre of Gravity, 
we call this Power, in that Body, Attrattion; 
but we call it Gravity in Bodies which are 

moved 
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Attraction. 103 


moved toward that Centre, or Body, wherein 
it is: Thus the Earth is ſaid to attract Bodies 
on it, or falling on it; and thoſe Bodies are 
ſaid to gravitate towards the Earth; ſo the 
Loadſtone attracts Steel, and the Steel gravitates 


to it *. 


A. IS 


* ATTRACTION 1s, by the Modern Philoſophers, conſidered 


twofold, wiz. (1.) Attraction of Gravitation, whereby one Body 
affects another at a Diſtance, and cauſes it to gravitate towards 
itſelf; which is what I have above conſidered ; and concerning 
which the Reader may ſee abundance in Lex. Tech. Mag. under 
this Word. (2.) Attraction of Cohefron which we find only 
among the very ſmall Particles of Matter in Bodies, and of 
which I ſhall here enumerate the chief Properties, | 

1. This Force is then greateſt when the Particles are in Con- 
tat, or touch each other. 

2. In homogeneous Particles, the greater the Surface of 
ContaQ, the ſtronger the Force. | 

3. The Sphere of this Attraction is inconfiderable at any ſen- 
ſible Diſtance from the Particle. ' 

4+ The ſmaller the Diſtance, the ſtronger the Force, which 
is very great at very ſmall Diſtances. 


5. This Force decreaſes nearly as the Cubes of the Diſtances 


increaſe; and not as the Sgaares thereof, as in the other Sort of 
Attraction. 

6. This Force is proportional to the Quantity of Matter in 
Particles. 

7. Conſequently, the denſeſt Particles, whoſe Surface of 
Contact is largeſt, hath the greateſt Attraction of Cobefion. 

8. In Particles of the ſame Kind, or equal Denſity, the At- 
traction is ſtronger between ſmall Particles than the large; be- 
cauſe in thoſe there is a greater Quantity of Surface than in 
theſe, eſpecially if they are of a ſpherical Form 

From this Property of Matter proceed many wonderful and 
curious Phænomena, which are eaſily accountable for on this 
Principle. As, | 

1. The ſtrong Coheſion of the Particles which compoſe ſolid 
or hard Bodies ; for without this Power, the hardeſt Adamant 
would inſtantly diffolve into an impalpable Powder. EE! 

2. The prodigious Coheſion of poliſhed Surfaces, as of Glafs, 
Stones, Metals, &c. Thus two leaden Balls pared with a ſharp 

G 4 | Knife, 


3 
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A. Is this Power of Attraction the fame in 
all Bodies, of the ſame Kind, of equal Denfi- 
ty and Magnitude ? 


B. Yes; 


Knife, ſo as to cut off a Segment about q of an Inch Diameter, 
if they are preſſed together (giving them a little Twiſt) pretty 
hard, they will require the Weight ſometimes of 100lb. to ſe- 
parate them. That this is not owing to the Air is plain, be- 
cauſe they are not ſeparated in the exhanſted Receiver, 

3. By this Power, Liquids ariſe into the Subſtance of Bread, 
Sugar, Sponge, and all very porous Bodies. bet: 

4. On this Account alſo Liquids riſe on the Sides of contain- 
ing Veſſels, and about the Surface of Bodies floating therein, 
to a ſmall Height above the common Level, 

5. Particularly on this Principle, and no other, can we ac- 
count for the Aſcent of Liquids in capillary Tubes of Glaſs to 
ſo conſiderable a Height above the Surface of the Liquor in 
which they are placed, contrary to the Laws of Hydraulics ; 
the Heights to which Water will ariſe in different Tubes, are 
reciprocally as the Diameters of the Bores of thoſe Tubes, and 
the Quantities of Water drawn up, are directly as thoſe Dia- 
meters. See Grave/ande's and Dr. De/aguliers's Courſes. Web- 
ſter's Principles of Nat. Phil. Page 17. Rowning's Comp. 
Syſtem. Harris's Lex. Tech. under the Word Attraction. 

6. By this Means, the Water in the Veſſel BC Fig. XLI. 
of Plate VII, fronting p. 99) will ariſe between the two poliſh- 
ed Glaſs Plates, AC, Ae, being ſet thercin touching each other 
on the Sides AB, and open a little on the other Sides ; the 
Figure of the Water between the Plates e, / g, is that of an 
Hyperbola. | | | 
7. When Particles of Matter of different Denſities, Quanti- 
ties of Surface, and, conſequently, of different Attractive 
Powers, are mixed together, they will neceſſarily attract, agi- 
tate, and move each other in various wiſe, and with incredi- 
ble Velocities in many Caſes ; from hence will ariſe Fermenta- 
tions, Ebullitions, Excaleſcencies, Fuſions, Diſſolutions, Cryſtalli- 
Zations, and other ſuch like Effects known in Chymiſtry. 

8. But among the ſmall Particles of Matter, there is not on- 
ly an attractive Fower, but alſo a repelling one, whereby they 
are made to recede and fly from each other; and this Force is 
called Repulfion. PE : 

9. RePpuLsrON begins where Attraction ends, and increaſes 
nas the Diſtance of Particles decreaſe. 

10. Particles attracted moft ſtrongly within the Sphere of its 
Power are repelled moſt forcibly when without it. 


11. From 
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B. Ves; but in all ſuch Bodies, the leſs any 
one is than another, the greater is its attract- 
ing Force; ſo the magnetic Attraction is ſtrong- 
er in a ſmall Loadſtone, in Proportion to its 
Weight, than in a larger one. 

A. What is the Conſequence of this? 

B. Sir Jaac Newton has found, by Caicu- 
lation, that, as the Particles of Light are the 
leaſt Bodies we know of, ſo their Attraction 
is 1000000000000000 Million of Millions of 
Times greater than that of the Earth, on the 
Earth's Surface; according to the Quantity 
of Matter in each, and the aforementioned 
Velocity of Ligbt. 

A. Pray, Sir, what do you underſtand by 


B. A 


Electricity“? 


11. From the great Degree of this repulſive Power in Oil, 
Creauſe, &c. ariſes the great Difficulty of mixing thoſe Bodies 
with Water, ſo as to make their Parts touch and ſtick together. 

12. This Power is ſmall between Glaſ and Vater; greater 
between Glaſs and Quictſilver; ſtrong between Puick/ilver and 
Copper; ſtronger between Quickfilver and poliſhed Steel; but 
weaker between Quictſilver and Gold. 

13. From this Principle it is that a dry Needle ſwims upon 
the Water; and that Flies, &c. walk and run thereon without 
wetting their Feet. 

14. Let there be two Balls of Wood, A and B, the one 
wetted all over with Water, the other with Oil ; let theſe be 
put into the Veſſel of Water CD, and the different Effects of 
the attractive and repulſive Powers of Matter and Oil will be- 
come very viſible; the Water in one Caſe riſing by Attraction 
above the common Surface; and in the other it is forced below 
it by Repulſon See Fig. XLII. of Plate VII, fronting . 99. 
See more concerning Attraction and Repulſion of Particles in 
Webſter's Principles, Graveſande's Elements, and Dr. Deſagu- 
Gers's Courſes of Experimental Philoſophy ; and alſo the Lex. 
Tech, under the Word Attraction. ; 

' * ELecTRIC1TY conſiſts of an Attraction and Repulſion, 
pretty much of a like Nature with thoſe in the —_— 
a ED 14D ote. 
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B. A certain Kind of attractive Faculty, pe- 
culiar to ſome Bodies, as Amber, Jet, Sealing- 
f 1 Wax, 


Note. The principal Properties of theſe wonderful Qualities 
of Bodies are as follow. | 

1. It exiſts. of fine inviſible Efluvia, ſuppoſed to be of an 
unctuous and oily Nature, which are excited by Attrition, or 
rubbing the electrical Body till it become warm. 

2. Such Bodies warmed by the Fire only, do not attract ſo 
forcibly as when heated by rubbing. | 

3. If a Glaſs Tube be firſt warmed by the Fire, and then 
heated by Attrition, it will attract moſt ſpeedily and powerfully, 

4. Ter ion, or Wiping, is alſo neceſſary, as well as Attrition 
or Rubbing, to 2 Electricity; for this frees the Pores for 
the better Emifhon of the EHuvia. 

5 This Effect is much weakened if the Weather be thick 
and cloudy. : 

6. The Interpoſition of the fineſt Linen or Paper will hinder 
the Action of Electricity; whereas the magnetic Virtue pervades 
all Objects | 

7. Electrical Bodies attract all Things indifferently, the Load- 
fone only Iron and Steel, 

8. If a Glaſs Tube be rubbed in the Dark, the EMuvia will 
appear lucid; and if a little Bruſh be held near the Tube, or 
drawn along it without touching, juſt after it is rubbed, Sparks 
of Light like Stars will appear upon every Hair of the Bruſh. 

9. If when a Tube is juſt rubbed, your Hand be brought 
along down very near by the Tube, it will prevent its Effect. 

10. If the Fingers be moved nimbly by the Tube, as if you 
went to ſtrike it in a Direction perpendicular to its Axis, the 
Effiuvia will be heard to ſnap againſt the Finger (or beat 
back from it) againſt the Tube, like the Crackling of a green 
Leaf in the Fire, but not ſo loud. NS 

11. In hot and moiſt Weather, the Tube requires a great deal 
of rubbing before it will ſnap, and its Virtue will then diffuſe 
itſelf but a little Way, for what it will when the Weather is 
dry and cold, 

12. In ſine dry Weather, the Electrical Virtue will attract at 
the Diſtance of eight or ten Feet: In cloſe moiſt Weather, not 
above the Diſtance of two Feet. 

13. After the Feather is attracted, and has ſtuck to the Tube 
ſome Time, it will fly off, or be repelled, and never return to 
the Tube again till it has touched ſome other Body. 


14. If 


Attraction and Electricity. 10. 
Wax, Glaſs, &c. whoſe Particles are ſuch, 
that being greatly rarefied and agitated, (by the 
Heat occaſioned by Attrition, or rubbing of 
them) they fly off to a certain ſmall Diſtance, 
but not beyond the Sphere of the Body's At- 
traction; and therefore, by this Attraction, 
they are obliged to return again to their old 

uarters. | 

A. Why then, I ſuppoſe, it is by their fly- 
ing off, that light Bodies, as Feathers, Hairs, 
&c. are repelled from the electrical Body; and 
by the Return of thoſe Particles, they are 
again inſtantly compelled back, and attached 
to the ſaid Body. 

B. Yes, that is the Caſe, as underſtood at 
preſent ; but for the real Cauſe of Attraction 
or Gravity in general, Sir 1/aac Newton pro- 
fefleth himſelf entirely ignorant of it; even 
though he makes this Principle of Attraction or 
Gravity the Baſis of all his Philoſophy: Where- 


14. If the Finger, c. he held near the Tube, the Fea- 
ther will alternately fly from the Finger to the Tube; always 
ſtretching out its Fibres towards the Object it flies to embrace. 


15. Moſt, if not all, theſe Effects ſucceed in Vacuo, only he 
Light excited by Attrition will be of à purple Colour, in a 
much greater Quantity, and all within the Glaſs, 


16. An exhauſted Tube loſes all its Virtue externally, which, 
in this Caſe, is wholly exerted within the Tube. 


See a great Number of curious and ſurprizing Experiments 
concerning Electricity in Dr. Prie/tley's Hiſtory and Preſent 
State of Electricity. 4to. 
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fore let us now diſcourſe of ſome other Pro. 
perties of natural Bodies *. 


X. 


Of TRANSPARENCY and OPAcITY, DEN- 
SITY and RARITY, HARDNESS and SOF. 
NESS, RiGiDITY and FLEXIBILITY, in 
BoDIEs. 


A. IR, I thank you for your Inſtructions 
| concerning, Gravity and Attrattion, and 
ſhall be very glad to hear you farther on the 
other Qualities of Bodies; and, firſt, what 
may we underſtand by the Tranſparency and 
Opacity of Bodies ? 
B. Tranſparency is that Quality of certain 
Bodies, whereby their Subſtance is enlightened, 
and Objects appear viſible through them, as in 
Glafs, Cryſtal, &c. and therefore thoſe Bodies 
are called Tranſparent, Pellucid, or Diapha- 
nous, all which Terms imply the ſame Thing. 
Opacity is the Quality oppoſite hereto ; and 


. thoſe Bodies are ſaid to be Opate, whoſe Mat- 


ter is not tranſparent, or through which Ob- 
jects are not viſible. : 


Sir 1/aac's Words are=—** Hitherto I have expounded 
* the Phenomena of the Heavens, and of the Ocean, by the 
«« Power of Gravity; but the 460 of Gravity | have not yet 
* aſfigned.” — Again, ſpeaking of the Laws of Gravity, he 
ſays, —— “ But the Reaſon of theſe Properties of Gravity I 
«© have not been able to deduce from Phenomena, and I frame 
© no Hypotheſes. —It is enough, that Gravity doth aQually 
* exiſt, and acts according to the Laws I have explained, and 
is ſufficient to account for all the Motions of the heavenly 
Bodies and Sea.“ Princip, Philo/ophie, Edit. ztia. Pag. ult, 


5 A. Pray 


ro- 


7 


Of Tranſparency and Opacity. tog 

A. Pray what is the Cauſe of theſe Qualities? 

B. The Cauſe of Tranſparency is owing to 
that Conſtitution of Bodies which admits the 
Rays of Light to paſs through their Pores in 
right Lines, and in all Directions whatever; 
and, on the contrary, Opacity is the Effect of 
Light obſtructed in its Paſſage through Bodies, 
or that which is not tranſmitted in right 
Lines *. | 

A, It ſeems to follow from hence, that the 
Matter of tranſparent Bodies muſt be very lit- 
tle in Proportion to their Pores. 

B. Very little indeed; ſo little, that a cele- 
brated Philoſopher queſtioned whether the 
Quantity of Matter in G/a/s was more in Pro- 
portion to its Bulk, than one Grain of Sand 
to the Bulk of the whole Earth +. 


A. In what Proportion are Bodies franſpa- 
rent? 


* Sir Iſaac Newton, in the Propoſitions of his ſecond Book of 
Optics, ſhews, — That the leaſt Parts of almoſt all natural 
Bodies are in ſome Meaſure tranſparent, and the Opacity of 
thoſe Bodies ariſes from the Multitude of Reflexions cauſed in 
their internal Parts. Alſo, that the Parts of Bodies, and their 
Interſtices, muſt be of a definite Magnitude, to render them 
opake and coloured; fince the opakeſt Bodies, if their thin 
Parts be ſubtilly divided, (as Metals diſſolved in acid Menſtru- 
ums, c.) become tranſparent. Again, opake Bodies (he ſhews) 
become tranſparent, by filling their Pores with any Subſtance 
of equal or almoſt equal Denſity with their Parts. Thus Paper 
dipped in Water and Oil, the Ocalus Mundi Stone ſteeped in Wa- 
ter, Linen Cloth oiled or varniſhed, and many other Subſtances 
ſoaked in ſuch Liquors as will intimately pervade their little 
Pores, become by that Means more tranſparent, than other- 
wiſe. See more to the ſame Purpoſe in the ſame Place. 

+ Dr. K#/!, in his Introduction, Lect. 5th, Page 67. 


B. In 
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B. In Proportion to the Rarity and Den/ity 
of Matter. 

A. What do you call the Rarity and Den- 
fy of Matter ? 

B. By Rarity is underſtood the Thinneſs of 
the Particles of Matter; and by Den/ity, the 
Thickneſs thereof; in reſpect of the Bulk of 
Bodies. 

A. Then the Dezſity of Bodies hath regard 
both to their Matter, and Magnitude, I under- 
ſtand by this ; but what is the Proportion? 

B. The Deuſities of two Bodies are in a Pro- 
portion compounded of the direct Proportion 
of their Quantities of Matter, and a reciprocal 
Proportion of their Magnitudes. 

A. I believe I could better apprehend you, 
if you would be pleaſed, Sir, to exemplify 
this Matter. 

B. I will. Thus ſuppoſe A be a Body which 
hath eight Parts of Matter, and five Degrees cf 
Magnitude; and B be a Body having two Parts 
of Matter, and ten Degrees of Magnitude; then 
the Denſity of A will be to the Denſity of B, as 
„ , ora: B:: 8: 
1; therefore the Body A's Deuſity is eight Times 
greater than the Denjity of the Body BF. 

A, What 


* 1. Let us (Fig. LIII. of Plate VII, fronting page 99) illuſ- 
trate this Example; and ſince the Deniitics of A 4# (- are in 
the compound Ratio of the Quantities of Matter directly, and 
of their Magnitude reciprocally; it will follow, 

2. That their Bulks are as directly as the Quantities of Mat- 
ter compounded with the Denſities reciprocally. 

3. That the Quantities of Matter will be in the compound 
Ratio of the Bulks into the Denſities directly. 


4. If 


R 


Of Den/ity, Rarity, &c. 111 
A. What Means are thoſe Qualities moſt of 
all increaſed or diminiſhed by ? 

B. Heat and Cold; for Heat, by dividing, 
extending, and expanding the Particles of 
Bodies, doth attenuate and rarefy them, and 
this is called Raręfaction; on the contrary, 
Cold, by uniting and contracting the Particles 
of thin Bodies, doth thicken and condenſe 
them, and this is called Condenſation. 

A. Do not the Hardneſs and Softneſs of Bo- 
dies ariſe from their Den/ity and Rarity? 

B. No, Sir: The Hardneſs of Bodies ariſ- 
eth from the mutual Attraction of the moſt 
minute primogenial Particles of Matter, where- 
by they firmly cohere, and are, as it were, 
conglutinated together: When this Firmity or 
Coheſion of Parts is ſo ſtrong, that the Preſ- 
ſure of the Finger will not part or diſplace 
them, then we ſay ſuch Bodies are hard; but, 
on the contrary, when they give way, or yield 
to the Touch, we call them ſoft Bodies. 

A, What Figure of thoſe primitive Particles 
of Matter is moſt requiſite to produce Hard- 
neſs or Firmity of Bodies ? 

B. The nearer the Figures of thoſe Particles 
approach to the Figures of the five regular 
Bodies, or the greater their Superficies, by 
which they touch one another, the ſtronger 


4. If the Bulks are equal, the Quantities of Matter in two 
Bodies, AB, will be directly as their Denſities, 


5. If the Denſities are equal, their Bulks and Quantities of 
Matter are direQly proportional. 


6. If the Quantities of Matter in each be equal, the Bulks 
will be in a reciprocal Ratio of the Denſities. 


I will 
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will be their Attraction; and conſequently the 
greater their Cohefon, Firmity, or Hardneſs : 
But by how much leſs Superficies they touch, 
and by how” much the eaſier they flip and ſlide 
by and over each other, by ſo much the ſofter 
ſhall we find the Bodies; and this in various 
Degrees even to Liquidity *. . | 

A. Is it not alſo te the Size, Shape, &c. of 
thoſe ſmall Particles of Matter, that the Rigi- 
dity and Flexibility of Bodies are owing ? 

B. No doubt of it, though it cannot be poſi- 
tively defined: But by the Analogy of Reaſon, 
Rigidity or Stiffneſs of Bodies ſeems to depend 
on two Things: Firſt, an oblong Square-figu- 
red Set of Particles, which are {/econdly} une- 
qually placed or jointed together, as thus 

) for the Want of Pore/y and the 
mutual Attraction, with the Reſiſtance ariſing 
from the Poſition of Particles, will cauſe Ri- 


gidity; and by how much leſs Particles are 


endued with ſuch Modifications, by ſo much 
the more Bodies are flexible or liable to bend; 
whence their Flexibility . 


* See what has been ſaid of the Attraction of Cobeſion in 
Note * in Page 103. 

+ See forther on this Subject, Boerhave's Meth. Deſcend. 
Medicinam. C. Bartholine's Specim. Nat. Philoſ. Cap. 6. 
Muſſchenbroek's Elements Phyſico-Math. Part I. Cap. 16. F. 
Clerici Phyſica, Lib, V. Cap. 16, 17. Chambers's Dictionary, 
and Harris's Lexicon, under theſe Words. Rohaulti Phyſica, 
Cap. 22; and Dr. Clarke's Notes, at Art. 9. Regnault's Phil. 
Converſ. Vol. I. Conver. 9. with Dale's Notes. And the 
Authors mentioned in Fehnſen's Quæſt. Philoſophicæ, Page 
13, 14, 15, 16, 17, 18. | | 
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Cx AT 
Of CoNnsISTENCE and FLuiviTY, HEAT 
and ColDd, HuMipity and' SicciTty, 


ELASTICITY, ODoOURs, and SAPOURS of 


BoDIEs. 


A. HA T do you mean by the Con- 
ence of Bodies ? 

B. That State of Bodies whereby the con- 
ſtituent Particles do naturally keep the ſame 
Poſition to each other, and are not to be moved 
or ſeparated, but by ſome coercive external 
Force; whence this Quality is alſo called the 
Fixity of Bodies. 

A. Whence doth this Fixity or Conftence 
of Bodies ariſe ? 


B. Undoubtedly from the Figure, Size, and 


Attraction of the conſtituent Particles of the 
ſame Sort with thoſe which produce Hard- 
_ neſs and Rigidity of Bodies. 

A. Is not Fluidity oppoſite to Confiftence ? 
And doth it not ariſe from contrary Cauſes ? 

B. Yes: Fluidity is that State of natural Bo- 
dies, whereby their Particles are always in a 
Flow; and are equally diſpoſed to move in any 
Direction by the leaſt Impreſſion. 

A. What may be the Cauſe of Fluidity? 

B. The exceeding Tenuity or Smallneſs, 
Sphericity or Roundneſs, Lubricity or ſmooth 
Slipperineſs, and Similarity or Likeneſs of the 
primogenial, conſtituent Particles of Matter : 
For Particles thus modified muſt always pro- 
duce a fluid Body, or Subſtance, as Water, 
Fire, &c. 
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A. Is there any Difference between Fluidity 
and Liquidity ? 

B. Yes, a great deal: For Fluidity is a gene- 
ral Name for all Bodies whoſe Parts yield to 
any Impreſſion; and thus a Quantity of Sand 
as well as Water is called a Fluid: But what 
we properly call a Liquid, or Liquor, is only 
that Kind or Species of Fluids which cleaveth 


| zo the Touch, or ſticketh to the Finger, &c. 


which toucheth it, and, as we may ſay, werteth 


it, as doth Water, or any Kind of Juices. 


A. What may be the Reaſon or . Cauſe of 
this Difference ? 

B. It is owing to the exceeding Smallneſs 
of the Particles of Liquids above thoſe of fluid 
Bodies; and alſo to their Weight, or Ponde- 
roſity: For, by theſe Means, the Particles of 
Liquids enter the Pores of the Body which 
toucheth them; and by their Weight and 
Gravity, cohere to, and abide therein; and ſo 
cauſe Wetneſs * . 

A. Pleaſe now to let me know, Sir, what 
your Sentiments are of Heat and Cold in Bo- 
dies, and wherein thoſe Qualities do confilt ? 

B. Heat is a Senſation excited in the Mind 
by a great Agitation of the Particles of the hot 
Body, which exerteth its Action or Influence 
on us; to that Heat in us is only the Idea there- 
of; and in the hot Body, Activity or Motion, 
and nothing elſe: No Heat is ſenſible to us, 
unleſs the Motion of the Parts of a Body, which 


The coheſive Attraction is herein not a little concerned, as 
will be eaſy to conceive from Note“ in Page 103. 
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acts on us, be greater than the Motion of the 
Organ or Part of the Body acted upon. When 
the Motion of the Parts of the Body is leſs than 
that of our Organs of Feeling, then it oc- 
caſions in us the Senſation or Idea of Cold, or 
Coldneſs. 

A. Then, if I take you right, Sir, the Rea- 
ſon orDifferenceof Heat and Cold, for Inſtance, 
in Water, lieth in this: That in the firſt Caſe, 
the Particles are by the Fire put into a greater 
Motion and Agitation than is in the Hand that 
feeleth it; and in the latter Caſe, the Motion 
of the aqueous Particles is in a leſs Degree than 
of thoſe in the Hand; and thus we find it to 
be either Hot or Cold *. | 
B. Yes, that is the true Nature of the Caſe, 


according to modern Philoſophy and manifold 
Experiments. 


A. Pray how do you conceive of Flame? 
B. As a Fluid, whoſe Parts are ever in Mo- 


* The Motion here intended is that inteſtine Motion which 
exiſts among the Particles, and in the Pores of any Body, and 
in the Spirits, Blood and other Juices in the Organ of Feeling, 
to which that Body is applied. 

The Heat of the Sun may be augmented to a prodigious De- 
gree by means of a convex Lens or concave Mirrour. Thus ſup- 
poſe you have a double convex Lens, four Inches Diameter, and 
whole focal Diſtance is 12 Inches; it will be found by Calcu- 
lation, that the focal, or burning Spot of this Lens will be 2 of 
an Inch very nearly. Now ſince Circles are as the Squares of 
their Diameters, the Denſity of the Sun's Rays falling on the 
whole Area of the Glaſs, will be to their Denſity when collect- 
ed into the fecal Spot, as the Square of 4 to the Square of 38. 
that is, as 16 to ts, or as 1600to 1; and conſequently the Heat 
will in that Spot be ſixteen hundred Times greater than the 
common Heat of the Sun's Rays. No Wonder, then, they burn 
with ſuch amazing Violence and Ardor] A concave Mirrour of 
the ſame Diameter, and focal Di/ance, will burn fill more in- 
tenſely, becauſe many Rays are loſt by Reflection on a convexLens, 
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tion, inſenſible, and inconceivably great; and 
which ſeems to depend on the Air, in its na- 
tural State; becauſe a Candle will not burn in 
aduſt, or burnt Air, as is found by Experiment. 

A. Is not Light and Fire pretty much the 
ſame Thing, or of the ſame Nature ? 

B. The Particles of Light and Fire agree in 
ſeveral Things, vz. I. In their Smallneſs: 2. 
Their Luminoſity: 3. Their exceeding Activi- 
ty: 4. Their Heat or burning Quality : For 
the Rays of the Sun, collected together by a 
burning Glaſs, burn more violently than any 
common Fire; kindle Wood in a Moment; 
immediately make Iron or Steel red hot; melt 
Silver, Gold, &c. in half a Minute; turn Stones 
into a black Glaſs; and Brich, Tiles, and Earth 
itſelf, to green Glaſs in an Inſtant; from 
whence we mult infer, the Particles of Light 
and Fire are the ſame *. 

A. This ſeems a juſt Inference indeed: But 
becauſe we cannot be Jarge on every Head, 
pray give me a ſmall Account of the Qualities 
called the Humidity and Siccity of Bodies? 

B. Humidity, or Moiſture of Bodies, is only a 
Mixture of the Particles of Liquor with thoſe 
of the ſolid Matter of Bodies ; thus Particles of 


* See concerning the Nature of Heat, Fire, Cold, &c. Beoer- 
banve's Chymiſtry, Part I. Page 220, to 276; and Dr. Shaw's 
large Notes thereon. Mr. Beyle's Hiſtory of Cold. Cheyne's Phil. 
Principles, Page 61,62, 63. De/aguliers's Courſes, Vol. I. Page 


422, to 426. Clare's Mot. of Fluids, Page 225, to 229; alſo 287, 


283. Halcs's Veg. Statics, Page 278, 279, 280. Clerici Phyſica, 
Lib. V. Cap. 13. Rohaulti Phyſica, Part. I. Cap. 23. Part. III. 
Cp 9g. cum Annot. Clark, annexis. Chambers's and Harris's 
Lexicon, under theſe Words. Regnault's Phil. Conver. Vol. I. 
Conv. 26; and various Numbers of the Phil, Tranſactions. 


Water, 


5 4 ns - 4 
F ˙ 8 na n RRR FIR p *. 4 
N 4 9 E 5 "IT wth Q Ty 


wr 40. 


SEALS one Fat og: 


r 


* 's 
” 
"i 
va 
p * 
* 
E 


Of Flame, Humidity, Siccity, Elaſticity. 117 
Water, mixed with Earth, make it Hhumid and 
moiſt; thus the Juices of Vegetables make their 
Subſtance moiſt ; and the Want or Defect of 
this Moitture, or Liquid Subſtance in Bodies, 
is what we call Siccity or Dryneſs; and which, 
in moiſt Bodies, is occaſioned by the Sun, 
Fire, Wind, &c. by attenuating and rarefying 
the liquid Particles, and thereby cauſing them 
to fly off in Steam, or inſenſible Yapour. 

A. In the next Place, pray, Sir, tell me 
what that Property 1s in Bodies which you call 
Elaſticity ? 

B. It is that Diſpoſition of ſome Bodies, 
whereby, when the Parts of the Body by Preſ- 
ſure are put out of their Place and Form, they 
immediately again return to, or recover their 
firſt Poſition and Figure. 

A. Whence doth this Property proceed ? 

B. It is hard to ſay what are the particular Cir- 
cumſtances of the Cauſe of Elaſticity; however, 
it is certainly owing to the ſpecial Figure, Sur- 
faces, and Attraction of the Parts of elaſtic Bodies. 

A. Are all Eodies elaſtic? 

B. Yes, in a greater or leſſer Degree; but 
none are perfectly elaſtic, 

A. Pray what do you call perfect Elaſticityt 

B. That, whereby a Body recovers its Fi- 
gure by the ſame Force it loſt it. 

A. Is there any Thing remarkable in the 

otion of Bodies derived from their Elaſticity? 

B. Ves: If an elaſtic Body A ſtrikes againſt 
the firm Bottom CD, obliquely in the Di- 
rection AF, it will always rebound again in 

the ſame Obliquity FE, or ſo, that the Angle 

„ EFD 
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EFD ſhall always be equal to the Angle AFC. 
See Fig. XVII. of Plate VILI, fronting p. 120. 
Beſides this, there are many other Properties 
of the Motion of ſpringy or elaſtic Bodies, a- 
riſing from their Spring or Elaſticity; for 
which larger Volumes muſt be conſulted “. 


A. Well 


In the Percuſſion or Striking of Bodies not elaſtic, there 
are four Caſes, vix. | 

1. If one Body ſtrikes againſt another at Reſt, they will 
both move together in the Direction of the firit Motion; and 
the Quantity of Motion in the two Bodies will be the ſame as 
in the ſingle one before the Stroke. 

2. If one Body ftrikes another moving the ſame Way, but 
flower, they will both continue their Motion in the ſame Di- 
rection as before; and the Quantity of Motion in both will 
ſtill be the ſame. 

3. When two Bodies with equal Quantities of Motion tend 
both directly towards, and ftrike each other, the whole. Motion 
will be deſtroyed by their Meeting, and the Bodies will be at 
Reſt, | 

4. Two Bodies moving both directly towards each other with 
different Velocities, after the Stroke, will both continue their 
Motion in the Direction of that Motion which had the greateſt 
Velocity; and the Quantity or Motion after the Stroke 1s equal 
to the Difference of their Motions before it. 

In elaſtic Bodies, other Rules obtain: Suppoſe two ſuch Bo- 
dies A and B; let A have three Parts of Matter, and eight Ve- 

rees of Velocity ; and B have nine Parts of Mutter, and two 
3 of Velocity: Then, the Quantity of Motion in A 
wil: be 24, and that of B18. Now tuppofing theſe Bodies to 
impinge on each other, the Velocity of each after Impact, and 
the Direction of their Motions, may be known as follows : 

1. Let the Body A impinge on B at Reft; then from A take 
B, and multiply the Remainder by the Velocity of A; divide 
this Product by the Sum of. the Bodies A sud B, the Quotient 
will expreſs the Velocity of A after the Sitcke, As the Body 
A is leſs, equal to, or greater than B; ſo it will be retro— 

rade, or direct in Motion after Impad. Thus, in the preſent 
Caſe, the Difference of A and B is 6, which multiply by A's 


Velocity 8, the Product 1545 ; this divided by the Sam of the 


Bodies 12, quotes 4, the Degrees of Velocity with which A 
will return back after Impact. 

2. Again, divide twice A's Motion by tht Sum of the Bodies, 
the Quotient will be the Velocityof B after Impact. Thus 48 di- 
vided by 12 quotes 4, the Velocity of B after the Stroke. Sothat, 

| tao 


% 
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A. Well then, leaving that, let us proceed 


to what you call the Odours of Bodies; pray 


what are they, or wherein do they conſiſt ? 

B. The Odours of Bodies, by affecting the 
Organ of Smelling, v:z. the Noſe, do raiſe and 
excitein us the Senſation we call Sell, or Scent- 


tho' the Velocity be the ſame, the Motion in both Bodies is 
double to what it was at firſtin A. 

3. Let the Bodies both tend one Way, and A follow B; then, 
to the Motion of A add twice the Motion of B, from that Sum 


ſubduct the Product of A's Velocity multiplied into the Matter 


B; divide the Remainder by the Sum of the Bodies, the Quo- 
tient will be the Velocity of A after Impact. As the Produdt is 
lier, equal to, or greater than the Sum (above mentioned) ſo the 
Motion of A will be&zre@, none at all, orbackward after theStroke. 

4. Again, to twice the Motion of A add the Motion of B, 
from that Sum ſubtra& the Product of B's Velocity into A; 
divide the Remainder by the Sum of the Bodies, the Quotient 
will be the Velocity of 3 after the Impact. | 

5. An Example of each, in our — Caſe, is as follows. 
To 24 add 36, the Sum is 65, which I take from 72, (as being 
oreateſt) the Remainder is 12, which I divide by 12, the Quo- 
tient is 1; ſo that A returns back with ene Degree of Velocity, 
having loſt fever. 

6 Again, to8 add 58, the Sum 1s 66, from which I take 
6; the Remainder 60 1 divide by 12, which quotes 5 for the 
Velocity of B's Motion. 

7. If the Bodies tend the contrary Way, or meet; then, from 
the Sum of twice B's Motion, and the Product of A's Velocity 
into B, take the Motion of A, and divide the Remainder by the 
Sum of the Bodies, the Quotient is A's Velocity after meeting; 
and as that Sum is greater, equal to, or leſs than the ſai4 Motion 
of A, the Motion of A will be backward,none at all, or forward. 

8. Again, tothe Difference of B's Motion and twice A's, 
add the Product of B's Velocity into A; divide the Sum by 
the Sum of the Bodies, the Quotient will be the Velocity of 
B after Reflection. | h 

9. To illuſtrate both theſe Caſes by our preſent Example, 
The Sam of 72 and 36 1s 108, from which I take 24; the Re- 
mainder 84 I divide by 12, which quotes 7 for A's Velocity 
backward, 2dly. To the Difference of 48 and 18, which ts 30, 
add 6, and divide the Sum 36 by 12, the Quo ient is 3 for 
B's Velocity the contrary Way. 

10. Theſe Rules are applicable to all Bodies, and Celeri- 
tics; and whoſoever will, may ſee their Inveſiigation 18 
Keill's Introduction, Lecture 14, Theor. 29, Prob. 3. 


H 4 Theſę 


vi 
& 
5 
2 


11 
. 


R oa 


120 The PnutLoSOPHICAL GRAMMAR. 


Theſe Odours of Bodies are nothing but 
Effluvia, or exceeding fine and inſenſible Par- 
ticles, flying off the odoriferous Bodies in all 
Directions; and as they float in the Air, ſtrike 
againſt, and cauſe in our Noſtrils the aforeſaid 
Senſation of Smell. 

A. In what Degree or Proportion are thoſe 
Effiuvia, or Odours, ſenſible to us? 

B. The Senſation which they excite in us, 
or the Degree or Intenſity of Smell, is always 
in Proportion to their Den/ity or Thickneſs 
where we are; and this Den/;ty always de- 
creaſes in Proportion to the Squares of the 
Diſtance from the odorous Bodies. | 

A. Pray, Sir, can you not make this ſome- 
what more evident and plain by Example? 

B. Yes: Let Rrepreſent a Roſe, and the Dots 
about it the Emanations of numberleſs EHuvia 
of Odours; now ſuppoſe the Noſe in three ſeve- 
ral Diſtances at A, B, and C, which let be 1, 2, 
and 3 Feet from the Centre of the Roſe: Now, 
I fay, the Degree or Intenſity of Smell, at 
thoſe Diſtances, will decreaſe in Proportion to 
the Squares thereof, 1, 4, 9, i. e. it will be four 
Times leſs at B than at A; and nine Times leſs 
at C than atA. Do you apprehend it now? Sce 
Fig. XVIII. of Plate VIII, fronting p. 120. 

A. Very well, Sir, and am obliged to you: But, 
pray, how comes it about that ſome irrational 
Animals, eſpecially ſome Dogs, can ſmell any 
Thing at ſo much greater Diſtance than we can? 

B. This is entirely owing to the greater Per- 
fection of that Organ in thoſe Creatures than in 
Man, as being on many Accounts more neceſſary 
In 


Lage 120 


— 
* 


— 
40 
— 


Q 


agg nn oS———--- AQ. 


© 


< 
><<<vo<ecoo-od Þ 


yum 


R — — 4 
E 


2 © 


\ wit I)! 


W 


ä s tt 7 / 2 
W AL AA 57 Ys LO 
IG W 1 2 2 
2 2 


WV \ \ III WY 7 ; 2 
JEN! 0 , Ds, 


"ur 
1 


* N , "ow / WH 
N WJ Waun HALL 2 ; 2 13 . 
D JJ W N „ 0 2 / Jo 2 
DJ Da lll 1 4 .. 2 — 
5 8 1 - 


\ 


\ 
D 


\\ 


Ali 
YOM 
„ 


2 5 n Y EE - 
7 7 Do hy N Q => = 3 . 40 O 
7 / LIT T TY DdJQ SS 7 
a 7 LAL IE > ' 
ey 2 , WL HI Ir if \\\ Wo 8 . D Do 2 
UMM SS. | 
APY. p 7 TN I lj N N W \ * D F 


\ V \ ; % 
/ WW dd \& 
TH i ee W 2 


ER g. 
DN 
8 
8 


hh 
Q 


MI. %. 
0 d % 
Page $28: 


= 
Ge > © 
- 


8 y ; 2 — 274. © - = 17 . vm. 


JJ Lage 420. 


T35 


N 4 


a 


— 
1 


2 


ha 
- il 4 


q 14 — 


* 4. wy © 


LS 


e 
- 1 1 n 


* 
j 


ef 


% 


Of Odours and Sapours. 121 


in them than in us; for in them, God has 
made it one Means to preſerve Life ; in us he 
ſeems to have deſigned little more than Gra- 
tificatien and Pleaſure thereby. 

A. Whence do Sapours or Taſtes of Bodies 
ariſe ? | 

B. From a certain determinate Magnitude. 
and Figure of the Particles of the ſaporiſic Bo- 
dy, which, in the Make of the Tongue, do 
thereby occaſion the Senſe of Taſte in all Va- 
rieties, according to the different Modification 
and Configuration of thoſe /aporiferousParticles. 

A. But what are thoſe Sizes and Figures 
of Particles neceſſary to qualify them to exert 
this /aporyfic Virtue, which you ſpeak of ? 

B. No Man knows that; we ſhould be con- 
tented to have a general Knowledge, when 
Particulars are denied us; we had better confeſs 
our Ignorance in Naturals, and adore the ſu- 
perlative Wiſdom of God, who hath made it 
his own Prerogative to know all Things; than 
feign vain or abſurd Hypotheſes, with anambi- 
tious and impious View of being thought om- 
niſcient, or able to account for all Things *. 

A. I think ſo too indeed, Sir, and aſk Par- 
don for being ſometimes too curiouſly inqui- 
ſitive about the Arcana of Nature. | 

B. Sir, we are allowed, yea, it is our Duty, 
to improve our Knowledge, and communicate 


For a more particular Account of Odoriſerous EHudia, and 
the wonderful Sagacity of Dogs, Cc. in reſpect of this Senſe, 
ſee Boyle on EHuwia, Chap. 4. Alſo for Taſte, and the Cauſes 
and vaſt Diverſity of Ta/tes, read Dr. Grew's Anat. of Plants, 
and the Treatiſes referred io in Note f in Page 112, and Note“ 
in Page 116. | 
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the ſame to each other ſo far as we are capable: 
And having taken this particular Survey of the 
Properties and Qualities of Bodies, let us pro- 
ceed to a general View of the Univerſe com- 
poſed thereof. 


KR. XII. 
Of Sir Isaac N EWTON ' Laws of Nature. 


B. UT before we launch out into the 
boundleſs Extenſion of the Univerſe, 

where we ſhall fee every Thing in Motion all 
about us, it will be proper previouſly to con- 
ſider that (though we have already ſeen the 
general Properties and Phænomena of Motion, 
yet) there are ſome ſtated certain Rules, or 
Laws, by which all the Motions of all natu- 
ral Bodies are conſtantly governed and deter- 
mined, and by which every Thing relating to 
Motion may be explained. 

A. How many are thoſe Laws ? 

B. Sir Iſaac Newtsn has laid down three. 

A. But, pray, if you pleaſe, tell me why they 
are called Sir Vac Newton's Laws of Nature? 

B. That is more than I can do: Sir 1/aac 
was not the firſt Inventor of them, fince, if 
you pleaſe, you may ſee them in Monſieur 
Des Cartes's Philoſophy, which was known 
before Sir 1/arc's appeared *. 
A. Pray what are thoſe Laws ? 
B. The Firjt is this: 


# Sec Des Caries Principia Philiſepliæ, Part II. Pag. 38, 39s 
40. 
; LAW 
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LAW I. 

All Bodies continue in their State of Reſt, or 

Motion, uniformly in a right Line, excepting 8 

they are obliged to change that Eſtate by Forces 1 


=. 


impreſſed. Mn 


A. What is the Foundation of this Law? b 
B. We ſee all Bodies, by their Nature, are 
inactive and incapable of moving themſelves ; 


wherefore, unleſs they be moved by ſome ex- .- 


ternal Agent, they muſt neceſſarily remain for 
ever at Reſt. 

A. But why muſt a Body in Motion, if left i 
to itſelf, for ever fo continue in a right-lined 1 
Courſe? 4 

B. We know this by daily Experience; for 


when any Body is put into Motion, it conti- _ 
nues to move in the ſame rectilineal Direc- \ 


tion, and with the ſame Velocity; until the 1 
Reſiſtance of the Air, the Power of its own 
Gravity, the Make of the Body, or ſome other 


external Cauſe, determines it from a right- = 


lined Direction, diminiſhes its Velocity, and 
brings it at laſt to a State of Reſt *. 

A. If this be the Caſe, pray how comes it 
to paſs that the Sun, Moon, Comets, Sc. con- 1 
tinue their Motion ſo long; have the Regi- 
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ons, thro' which they move, no Refiftance ? F 
Motion, when once produced in any Body, can never be | 1% 0 by 


impeded, diminiſhed, or deſtroyed, but from ſomething with- 
in or without the Body. Now all Experience teftifies, that 
Matter is in itſelf inert, and powerleſs, and ſo abſolutely.ſo, 
chat it can in no wiſe be conſidered as the Cauſe of any Thing 
either within or without itſelf ; conſeauently, whatever re- 
tards or deftroys Motion muſt be ſomething external tothe Body 
moved; but in a perfect Vacuum there is nothing of any Kind, 
there fore in ſuch a Caſe Motion muſt of Neceflity be perpetual. 


B. The 
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B. The Bodies of the Planets and Comets are 
vaſtly great; and the Spaces, thro' which they 
move, have ſmall Reſiſtance, by which Means 
they conſerve their Motions the longer. 

A. Pray what is the next Law of Nature ? 

B. The Second Law is this : 


LA W II. 


All Change Motion is proportional to the 
Power of the moving Force impreſſed; and is 
always made according to the Right Line in 
which that Force is impreſſed. 

A. What do you obſerve from thence ? 

B. That if any Power produceth any Mo- 
tion; another Power, which is double, triple, 
Se. will produce a double, triple, Sc. Quan- 
tity of Motion; whether it be impreſſed toge- 
ther, and at once, or ſuecefſively by Degrees: 
And this Motion (becauſe it is ever determined 
towards the ſame Part with the generating 
Force) is added to the Motion of a Body in the 
ſame Direction by Impact, and it will move 
ſo much the quicker; but it is ſubtracted 
from the Motion of a Body in contrary Di- 
rection, and therefore that Body will move fo 
much the ſlower. It is alſo obliquely joined to 
the Motion of a Body obliquely moving ; and 
will be compounded with it according to the 
Determination of both. Hence a very con- 
ſiderable Conſequence will follow. 

A. Pray what is that ? 

B. Why, according to the preſent Conſtitu- 
tion of Things, it follows from this Law, there 
can be no perpetual Motion ; for by this Law, 

5 the 
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the Motion produced is but proportional to the 
generating Force; and all Motions on this 
Globe being performed in a reſiſting Medium, 
viz. the Air, a conſiderable Quantity of the 
Motion muſt, in the Communication, be ſpent 
on this Medium; and conſequently it 1s im- 
poſſible the ſame Quantity ſhould return undi- 
miniſhed upon the firſt Mover, which yet is 
neceſſary towards a perpetual Motion? Befides, 
that ſuch a Diminution of Motion will be 
greatly increaſed by the conſtant Friction of the 
Parts of the Machine; for there will be more 
or leſs of that, be the Inſtrument ever ſo well 
contrived, there being no ſuch thing as abſolute 
Smoothineſs or perfect Congruity, in Nature; 
at leaſt, not in any of the Works of Man k. 
A. Pray what is the third Law? 

B. This: 


LAW III. 


Repulſe, or Re- action, is always equal, and 
in contrary Direction to Impulſe or Action; i. e. 
the Action of two Bodies upon each other is al- 
ways equal, and in contrary Directions. 

A. Can you illuſtrate this Matter a little by 
a familiar Inſtance or two? 

B. Ves: Thus, if you preſs a Stone with your 
Finger downward, the Stone equally preſſes 
your Finger again upward : If a Horſe draw 


* Concerning a perpetual Motion, the Machine contrived 
for that Purpoſe, and the Reaſons and Arguments which evince 
the Impoſſibility thereof, ſee De/aguliers's Courſe, Vol. I, Page 
175, to 178. Cheyne's Philoſ. Principles, Page 16, 17: and 
Chamber;'s Dictionary at the Word, with ſeveral other Authors. 


for- 


HR | the Stone and theEarth : For, as I ſhewed you 
= | on the Subject of the Motion of Bodies, the 


= other, wwhen-the Velocities of their Motions are 
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forward a Stone tied toa Rope, the Stone equal- 
ly draws back the Horſe; for the Rope being 
. equally diſtended both Ways, acts on both 
Horſe and Stone equally. The Anvil ftrikes 
the Sledge with the ſame Force the Sledge 
ſtrikes it, which therefore rebounds or flies 
back. The Steel draws the Magnet, as much 
as the Magnet draws the Steel; as is evident by 
making both ſwim in Water. When a Barge is 
pulled to the Bank by a Rope, the Bank pulls 
the Barge as much as the Bargeman pulls the 
i Bank: Andin the Deſcent of heavy Bodies, the 
Fil Stone that falls attracts the Earth as much as 


—_ the Earth attracts 1t; that is, the Motion of the 


Earth is equal and contrary to that of the Stone. 
A. Why theſe are all Paradoxes ſurely; I 
cannot conceive how it can' be, nor believe 
that the Earth moves as much towards the 
Stone, as the Stone does towards it in falling. 
B. But it is true, and is what I proved to 
you, if you remember, when we diſcourſed of 
the Gravitation of Bodies towards each other. 


a Motion of the Earth, is becauſe of the in- 
comprehenſible Diſparity of the Velocities of 


Motions of any two Bodies may be equal ty each 


infinitely different. 
A. It is. true, IJ remember you did ſo; and 

I find what creates the Wonder, is only a 

Miſtaking of Velocity for Motion, which is 

an entire different Thing. 

B. Yes, 


I there ſhewed, the Reaſon we cannot ſee ſuch 
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B. Ves, it is ſo; and in moſt Caſes, were 
the true Nature and Differences of Things well 
attended to, we ſhould not be ſo liable to 
inglorious Wonder and Aſtoniſhment (the con- 
ſtant Effect of Ignorance) as we too commonl 
are. On this third Law depends all the Doc- 
trine of the Loſs and Gain of Motion in Bo- 
dies impinging on each other, according to 
Note * in Page 118. But now let us extend 
our View over the aniverſal Space . 


+ See the Laws of Nature explained more abundantly at large 
in Sir J. Newton's Princip. Page 13, & ſeqq. Graveſ. Elem, 
Matth. Book I, Chap. 12. Keill's Introd. to Nat. Philoſ. Lect. 
XI, XII. Deſaguliers's Courſe of Exp. Philoſ. Lect. V. and An- 
not. thereon. Domkii Philoſ. Newton Tom. II. Page 15. c. 
Cheyne's Philoſoph. Principles, Page 7 to 24. Worfter's Philo. 
Page 45. Weber's Prin. of Nat. Phil. from Page 45 to 110; 
and various Writers on Mechanics. 770 
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Or, VIEW of 


Modern 5m 15A 
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COSMOLOGY: 


CONTAINING, 


I. A general View of the Unzverſe. 
II. The Philoſophy of the Sun. 

III. The Philoſophy of the. Moon. 
IV. The Philoſophy of the Planets. 
V. The Philoſophy of the Comets. 
VI. The Philoſophy of the fixed Stars. 


Explaining their Nature, Properties, and Afetions, ſo far as 
they are at preſent known and underſtood, 


— 


CE 


I. 
Of Coſmology in general, of the mundane Space, 


of a Vacuum, of Duration or Time. 


A, HY do you call the ſecond grand 


Diviſion of the Science of Nature 
Coſmology ? | 

B. On Account of the Propriety of the 
original Senſe of the Word, and its Congruity 
with the Things which are the Subjects of the 


Science intended thereby, 
A. What 


SF Mas 


4 
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A. What is originally imported by the Word 
Coſmology # 

B. It is compoſed of the two Greet Words, 
200105, the World, and AC, a Diſcourſe 3 
and therefore, by Co/mology, is implied a phi- 
loſophical or phyſiological Dzſcour/e of the 
World, or Univerſe in general. 

A. In what Manner, or Order, then, do you 
defien to proceed in taking this general View, 
or Survey of the Unzver/e ? 

B. In the irt Place, to obſerve the Order 
and Conſtitution of it, fo far as it is known, 
with the ſeveral Parts thereof great and ſmall. 
Secondly, we will take ſome Notice of the 
Mundane Space; in which the various Parts 
or Bodies of the Unzver/e do conſiſt, and are 
poſited here and there. Thirdly, we ſhall dif- 
courſe a little of the Nature of Duration or 
Time, whereby the Motions of all the Bodies 
in the Unzver/e are meaſured. 

A. This will be very delightful indeed; pray 
make a Beginning. What do you firſt obſerve 
in the general Conſtitution or Frame ? 

B. The firſt great Phenomenon of the Uni- 
verſe, which more eminently ſtrikes our Sen- 
ſes, is that glorious Luminary we call the Sun, 
the Source of Light, and Centre of our Plaxe- 


tary Syſtem, or about which the Chorus of all 


the Planets move. 

A. What, do you ſuppoſe the Sun to be the 
Centre of the Planets Motion, and not a mov- 
ing Planet itſelf ? 

B. Yes; the Sur is in the Centre of our Syſ- 
tem, row which the primary P/anets move. 
vec Fig. XIX. of Plate X, fronting p. 134. 

1 A. Pray 
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A. Pray which, and how many are thoſe 


you call primary Planets ? 


B. They are in Number fix; and their 
Names are, Mercury, Venus, the Earth, Mars, 
Jupiter, and Saturn; theſe, in different ſtated 
Periods of Time, all revolve about the Sun, in 
the Order I have rehearſed their Names. 

A. But, pray, what becomes of the Moon, 
that you mention her not amongſt the Pla- 
nets ? And how came you to make a Planet 
of this Earth in her ſtead ? 

B. I am taught by the modern Phy/iology ſo 
to do; it is very certain the Earth is a Planet, 
and moves about the Sun with the reſt: And 
as to the Moon, I do not ſay ſhe is not a Pla- 
net, but not a primary or principal one. 

A. Why, Sir, what Difference do you make 
in the Kind of Planets ? 

B. There is diſcovered a two-fold Kind of 
Planets, viz, There are ſome very great and 
large ones, which regard the Sun as the Centre 
of their Motions ; theſe are called primary 


Planets, and are thoſe before named: Again, 


there are other leſſer ones, called Satellites, or 
Attendants, which circulate round ſome pri- 
mary Planet, as their Centre ; and theſe are 


termed ſecondary Planets, and ſuch a one is 
the Moon 


The Word Satelles is Latin, and with the Romans ſignified 
an Officer, Serjeant, or Teoman of the Guard of a Prince, whoſe 
Office was to attend and defend his Perſon; whence the Aſtro- 
nomers, by an eaſy Metaphor, call a Moon (which conſtantly 
attends 1ts proper Planer 1n all his Revolutions about the Sun) 
a Satelles, and if there be more than one, Satellites, which is a 
four-ſyllable Word, viz. Sa-tel-li tes, and not a three-ſyllable 
one, as it is vulgarly, though viciouſly pronounced. 


A. Sure 
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A. Sure it will be thought very ſtrange, that 
the Moon (which, next to the Sun, is the great- 
eſt Luminary in the Heavens) ſhould be eſ- 
teemed only as a ſmall ſecondary Planet ; the 
Moon is little obliged to your new Philoſophy, 
being thus degraded from her ancient ſhining 
Poſt among the primary ones! 

B. What I fay on this Head 1s founded on 
Reaſon, Obſeryations, and Experiments ; and 
therefore claims Belief before thoſe Notions 
which depend only on vulgar Senſe, and were 
the Products of a molt rude and barbarous 
Age, though ever ſo glaring : Remember, a// 
1s not Gold that gliſters. 

A. Well, I am glad to meet with Truth, 
whatever I exchange for it: But what do you 
next obſerve in this wonderous Frame? 

B. The amazing Bodies we call Comets; 
which make ſuch prodigious Excurſions into 
the unknown diſtant Regions of the Unzver/ſe, 
as to take up (ſome of them) ſeveral hundred 
Years in mak ing one Revolution about the Sz. 

A. I ſuppoſe, by Comets you mean blazing 
Stars; and do they likewiſe move about the Sun? 

B. Yes; but in Orbits vaſtly eccentric, and 
approaching nearer to the Form of a Parabola, 
than an E//ip/is or Circle. 

A. Well, what next to theſe offer for the 
Subject of our Contemplation, in this uni- 
verſal Scene ? 

B. The fixed Stars, which enamel and be- 
ſpangle the concave Expanſe, or Canopy of 
Heaven; which, by their Numbers and Luſtre, 
make the Night beauteousand delightful, which 

I 2 would 
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would be otherwiſe dark and horrible : And 
thus I have rehearſed to you all the great Parts 
of which the World doth conſiſt, ſo far as we 
know any thing of it *. 

* The Sy/em of the World now deſcribed, is not a late Inven- 
tion, but was known and taught by the wiſe Samian Pythagoras, 
and others among the Ancients, which in after Times was loſt; 
till in the 15th Century it,was again revived by the famous Pol;ſh 
Philofopher, Nicholas Copernicus, who was born at Thorn in the 
Year 1473. In this he was followed by the greateſt Mathema- 
ticians and Philoſophers that have ſince lived, as Kepler, Galilen, 
Deſcartes, Gaſſendus, and Sir 1/aac Newton, who has eſtabliſhed 
this Syſtemon ſuch an everlaſting Foundation of Mathematical 
andPhyſicalDemonſtration, that neither the Gates of Ignorance, 
nor the Power of Popiſh Anathema's, ſhall ever prevail againſt it. 

The moſt famous of the antiquated Syſtems are two, wiz, 
One taught by Ptolemy, the Egyptian Aſtronomer, ſaid to have 
lived 138 Years before Chriſt. The other by the noble Dane, 
Tycho-Brahe, born in Schonen, A. D. 1546. 

The ProlzMRAN SYSTEM (Fig. XLIV. on Plate IX, front- 
Ing p. 132.) ſuppoſed the Earth immoveably fixed in the Centre 
of the World, about which moved ſeven Planets, viz. the Moor, 
Mercury, Venus, the Sun, Mars, Jupiter, and Saturn; above 
theſe is placed the Firmament of the fixed Stars, then the two 
Cryſtalline Spheres ; all which were included in, and received 
Motion from, the Primum Mobile, which conſtantly revolved 
about the Earth in 24 Hours from Eaſt to Weſt. But this 
rude Scheme was too much accommodated to Sex/+, to ſtand the 
Teſt of Art; the Mathematicians ſoon perccived it a Medley of 
the groſſeſt Errors and Abſurdities, which they rejecting (as fit 
only for the ignorant, and zealous Bigot) choſe other more ra- 
tional Methods to purſue the grand Diſcovery. 

The TYycnonlanSYsTEmailucceeded the Prolemean,. but was 
never ſo univerſal. This ſuppoſed the Earth in the Centre of 
the World, (ſee Fig. XLV. on Plate IV, fronting p. 132.) or 
Firmament of fixed Stars, as alſo of the two Luminaries, the 
Moon and the Sun. But then he ſuppoſes the Sun the Centre 
of the Planetary Motions, wiz. of Mercury, Venus, Mars, Jupi- 
ter, and Saturn ; theſe, with the Sun, all revolved about the 
Earth in the Space of a Year, to account for the annual Motion; 
and the Earth he made to revolve about the Axis every 24 
Hours from Weſt to Eaſt, to ſolve the diurnal Motion of the 
Heavenly Bodies from Eaſt to Weſt. This Hypot heſis being 
partly true, and partly falſe, and embarraſſed with many Difh- 
culties and Abſurdities, was embraced by few, and ſoon gave 


way to the only true and rational Solar Syſtem, reſtored by 


Copernicus,” as aforeſaid. 
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A. Pray what is the Form or Figure of the 
Univerſe ? : 

B. It hath no determinate Form or Figure 
at all; foraſmuch as it is every Way infinite 
and unlimited. | 

A. What do you call the mundane Space? 

B, The infinite Space, in which all Bodies 
of the Univerſe have their Place and Being. 

A, Pray what do you properly call Space ? 

B. Extenſion without Matter; or, in plain 
Engliſb, a perfect Void, or Vacuity ; which is 
better conceived than defined *. 

A. What is that the Philoſophers call a 
Vacuum e 

B. A Vacuum is a perfect Void, or Space 
abſolutely devoid of all Body or Matter ; as, 
on the contrary, they call that a Plenum, when 
any Part of Space is ſo abſolutely filled with 
Matter, as to have no Vacuities therein. 

A. Is there any ſuch Thing as a Vacuum in 
Nature ? 

B. Yes; only thoſe who denied their 
Reaſon, have denied this. 

A. How do you prove a Vacuum? 

B. A thouſand Ways almoſt; but Motion 
evinceth it moſt plainly ; for can any one ſup- 


poſe a Body to move in the Midit of Solidity? 


See Dr. Watts's Enquiry concerning Space, Phil. Eſſay I. Mr. 
Locke, in his Human Underſtanding, confeſſes he does not know 
what it is, nor to what Claſs of Beings to refer it, Ham Und. 
Book II. Chap. 13. $17. Sir I. Newton conſiders Space as 
the Senſorium of the Divine Mind, Prin. Math. Philaſ. Pages 28. 
Optics, 2d Edit. Page 379, The Carteſians abſurdly pretend it 
is a Body or Subſtance. And others deny that it has any real 
Exiſtence. See the Authors mentioned in Jobn/ox's Quæſt. Phi- 


le}. P. 169, 170. 
13 They 
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They who affirm this, may as rationally affirm, 
that a Bird may fly througha Mountain of Ada- 
mant, as eaſily as through the open Air: And 
who ſo blind as not to ſee the moſt monſtrous 
Abſurdity thereof by this one Argument* ? 

A. I think none can deny it indeed, who 
would be thought rational: But, pray, what- 
have you to ſay of Duration or Time? 

B. Duration is the Idea we have of the Con- 
tinuance of the Exiſtence, or Being of Things; 
and in order to eſtimate and meaſure the Parts 
thereof, we uſe the Motions of moving Bodies, 
as the Sun, Stars, a Clock, Sc. and the Parts 
of Duration thus compared and meaſured, we 
call Time, Times, Seaſons, Ages , Sc. 


CHAP. Il. 
Of Uranology, or the Doctrine of the heavenly 
Bodies; and firſt of Heliography, or the 


Philoſophy of the Sun. 
A. FHAT is the Meaning of the Word 
Uranology? 


It is an old Maxim, that nothing is more difficult than to 
prove the Truth of a ſelf-evident Axion, or that which is, 
obvious to the common Senſe of all Mankind. This 1s ſufh- 
ciently confirmed by the numerous Controverſies on the Sub- 
jects of Space and a Vacuum; for though nothing is more evi- 
dentthan the Nature of the one, and the. Certainty of theother, 
yet gothing has more diſtracted and perplexed the Minds of 


| Philoſophers, as may be eaſily ſeen by peruſing the Authors on 


theſe Subjects referred to in Johnſon's Phil. Queſtions, Page g. 
+ The Doctrine of Time is the Subject of Chrono/ogy ; an Ab- 
ſtract of which excellent Science the Reader may 45 in my 

Philolegical Library of Literary Arts and Sciences, B 1 
B. 10 
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Of the Sun, his Bulk, Denſity, &c. 135 

B. It is of Gree&Original, and is compoſed of 
oVpavs, Heaven, and \oyo:, a Diſcourſe; there- 
fore it ſignifies a Dy/cour/e or Treatiſe of the 
Heavens,orheavenlyRegions,andBodies therein. 

A. Pray what do you call the Heavens, or 
heavenly Regions ? 

B. Thoſe Regions, or Fields, of Ather, 
which lie all aronnd us above the Atmoſphere ; 
in which are ſituated all the ſhining Bodies, 
the Sun, Planets, Comets, and Stars, and 
wherein they perform all their Motions. 

A. Where will it be proper for us to 2 
our Converſations on theſe celeſtial Subjects? 

B. We will firſt begin with Heliagraphy, if 
you pleaſe. 

A. I do not underſtand the proper Meaning 
of that Word, pleaſe therefore to unfold it. 

B. By Heliography (as being compoſed of 
Mos the Sun, and yeaon, a Deſcription } is 
to be underſtood, a Pil N Deſcription 

HF the Sun. 

A. Well, it ſeems very congruous to begin 
with what you make the Centre of our Syſ- 
tem as you call it; and pray what do you firſt 
obſerve of the Sun ? 

B. The Sun is a huge Body of Light, or 
Fire, whence all the other Planeta receive their 
Light; and by whoſe Emanations of Rays, 
and Beams of Light, the whole Syſtem of Be- 
ings about us is illuminated and made viſible. 

A. Can you tell any Thing of the Suz's Bulk? 

B. Yes: The Diameter of the Sun is com- 
puted at 822148 Engliſh Miles; and its Bulk, 
or ſolid Content, at 29097 1000000000000 

I 4 Miles; 
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Miles; which is about 1000000,0r a Million of 
Times greater than the Globe of our Earth *. 

A. Stupendous Magnitude ! And what, do 
you ſuppoſe it to be all Fire ? 

B. Yes; and therefore ſome have thought 
it to be the Place of Hell g: However, its 
Qdantity of Matter is well known; and the 
Denſity thereof is very conſiderable. 


* 1. To compute the Diameter of the Sun, his Diſtance from 
the Earth muſt firſt be known, which ſuppoſing his horizontal 
Parallax 10 Seconds, I have found to be 82136014 Miles, in 
my Young Trigonometer's Guide, Vol. I. Part 2. Chap. 3.4 14. 

2. Suppoſe then you have a double convex Lens, as L, Fig. 
XLVI, on Plate IX, fronting p. 132) whoſe Focus of parallel 
Rays is at CD, 12 Feet, or 144 Inches diſtant from itſelt; let 
this Lens be fixed in the Window-fſhutter of a darkened Cham- 
ber to receive the Sun's Rays AL, BL, which coming from the 
extreme Parts of the Sun's Body, and interſecting each other 
in the Centie of the Lens, will determine the Diameter of the 
Sun's Image at CD, which, when you have nicely meaſured, 
you will find to be 1,4 of an Inch. The Half of which is 
Ce ge of an Inch. Then ſay, 


As the focal Diſtance CL = 144 '= 2.158362 
Is to; the Diameter of the Image Ce = 0.67 = 9.826074 
So is Radius — 9oꝰ o = 10.000000 


To the Line of the Angle  CLe=0%16'=. 7.067712 
Therefore the whole Angle CLD or ALB 1s 32 Minutes, and 
this is called his Apparent Diameter, becauſe its Diameter ap- 
pears under ſuch an Angle to the Eye. 

3. Now fince the Diameter of any O4ze# and its Image are 
proportional to their Diſtances from the Lens, the Diameter of 
the Sun will eaſily be had by the following Analogy. 

As the Diſtance of the Image CL = 144. =2,158362 

To its Diameter CD = 1:34 =0.127105 

So is the Diſtance of the Sun LA = 82136914 =7.914533 

To his Diameter AB = 764320 ==5.883276 

4. Thus his Diameter is found to be /even Hundred fixty four 
Thouſand three Hundred and twenty Engliſh Miles; which is leſs, 
but perhaps truer, than the above aſſigned Ten Thouſand 
Miles is a trifling Diſtance, and not to be regarded in the Mea- 
ſurement of ſuch immenſe Diſtances. 


+ See Swwinden's Book on the Nature and Place of Hell, 
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Of the Sun, his Bulk, Denſity, &c. 1 37 


A. The Quantity of Matter; pray, in what 
Proportion is that to the ſame in other Planets? 

B. The Quantity of Matter in the Sun is to 
that in Saturn, as 100000 to 333 to that in 
Jupiter, as Iooooo to 92; to that in our 
Earth, as 10000000 to 59. 

A. In what Proportion is the Weight of 
Bodies on the. Sun's Surface? | 

B. The Weight of equal Bodies on the Sur- 
face of the Sun is to their Weight on the Sur- 
face of Saturn, as 10000 to 529; to their 
Weight on Jupiter, as 10000 to 9433 and to 
their Weight on the Surface of our Earth, as 
10000 to 435. | 
: A. What is the comparative Denſity of the 

un? 

B. The Denſity of the Sun is to the Denſity 
of Saturn, as 100 to 67 ; to the Denſity of 
Jupiter, as 100 to 942 and to the Denſity of 
our Earth, as 100 to 400, or as 1 to 4; and 
therefore the Fire of the Sun muſt be prodi- 
gious intenſe, yea, almoſt ſolid, - as being one 

uarter of the Denſity of our Earth &. 

A. Why, then the Light and Heat muſt be 
inconceivably great near the Sun's Surface? 

B. Ves, great indeed: Sir Iſaac Newton faith, 
the Sun's Light and Heat, at the Diſtance of 
Mercury, 1s ſeven Times as great as the greateſt 
with us; and therefore our Water there would 


* Theſe Proportions of the Malter, Weights of Bodies, and 
Denſitiet in the Sun, Saturn, Jupiter, and the Earth, are taken 
from Sir J. Newton's Principia, Pag. 405. Where the Diame- 
ters of theſe Bodies are determined to be in the Proportion of 


10000, 791, 997, and 109» 
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be for ever boiling-hot, till it was all evapo- 
rated, and boiled away *. | 

A. Is the Sun's Body one pure unmixe 
Subſtance of Fire? 

B. That none can certainly tell; there hath 
ſeemed Reaſon to doubt it, ſince the Diſcovery 
of the Maculæ Solares, or Solar Spots. 

A. Pray, Sir, what are they? 

B. The Aſtronomers of late, by proper 
Glaſſes, have diſcovered many black Spots in 
the apparent Face of the Sun; ſome ſuppoſe 
they are a heterogeneous, Mixture of opake 
Matter in the Body of the Sun, which there- 
fore in thoſe Parts will always appear dark or 
black. Some of thoſe Spots ſeem to be ge- 
nerated in the very Middle of the Sun's Diſk ; 
and others ſeem to be diſſolved and vaniſh 


there; ſometimes: ſeveral {mall ones gather 


together, and make a large Spot; and ſome- 
times a large Spot is obſerved to be divided, 
and cut into many leſſer ones. Some Philo- 
ſophers have thought they were ſmall Planets 
circulating round the Sun's Body very near it; 
and others have other Conjectures about them. 
They were firſt diſcovered by Galileo, the 
talian Philoſopher, in the Year 1610 +. 

| A. Do 


* Since the Intenſity of Light and Heat are as the Squares of 
the Diſtances reciprocally, and ſince the Proportion of the Diſ- 
tances of all the Planets from the Sun is known, the Proportion 
of Light and Heat at each is alſo eafily known, as is expreſſed 
in the following Synop/is. 

+ 1. That they who have nothad an Opportunity of viewing 
the Spots in the Sun, with a Teleſcope or otherwiſe, may have 
ſome proper Idea of them, I have carefully delineated ſuch as 
appeared in the Sun's Face on Avg. the 25th, 1737, at Seven 
in the Morning, (in Fig. XLVII. on PlatelX, fronting p. 2 , 4} 

where 


Of the Solar Spots, the Sun's Motion. 139 


A. Do theſe Spots appear fixed, or in Mo- 
tion, on the Sur's Body ? 


B. They 


where the whole circular Area repreſents the Suns Face; on 
which you ſee the Spots in their proper Magnitudes, and Si- 
tuations, as they then hag. 


2. The Number of theſe Spots is always uncertain and 


variable; it is ſaid when Galileo, Schinerus, Hevelius, &c. firſt 
obſerved them, that the Sun would frequently wear oze or more 
of theſe Spots : But now (ſays Mr. Molyneux, who wrote about 
40 or 30 Years ago) he ſeldom wears any of thoſe Patches, as if 


they were grown out of Faſhion, one in ve or /ever Years hard- 


ly appearing. Yet, about the Year 1700, it was not uncom- 
mon to obſerve 10, 16, or 20, and ſometimes more Spots on 
the Sun's Diſk. And now as the Sun is ſcarce ever to be ob- 
ſerved without ſome, ſo they are generally very numerous, it 
not being difficult to enumerate 20, 3o, or 40 Spots pretty 
diſtinctly on the Sun's Face, beſides many others which appear 
duſcy and obſcure, 

3. As to their Magnitude, that likewiſe 1s very variable, ſome 
being ſcarcely viſible, and others are ſo large even at his Limb, 
as to take up an 10oth Part of his Diameter, and more; and 
which therefore will be found by Calculation to contain a far 
greater Number of ſquare Miles than the whole Superficies of 
our terraqueous Globe. 

4. The Motion of theſe Spots is very irregular, ſo far as I 
could ever yet obſerve; I could never find that the ſame Spots 
in the ſame Figure, Number, and Order, ever returned in any 
regular periodical Manner; and therefore what is here {aid con- 
cerning the Motion of the Sun, is wholly on Credit fromothers, 

5. The Mutability of the Form or Shape of theſe Spots 1s very 
conſiderable, as is alſo the Variety thereof; being ſometimes 
longs broad, oval, ſeldom round, often angular, and pointed 
in ſeveral Parts, and will often vary their Shape while you are 
obſerving them. 

6. Sometimes thoſe Spots decay, and become ſhady, nebulous, 
and of a miſty Appearance, and are at laſt inviſible before they 
go off the Diſk. And thoſe Spots and Nebu/z or Miſts do ſome- 
times ſuddenly ariſe, andas ſuddenly decay and become extinct. 

7. Spots which continue long on the Diſk of the Sun, are 
ſaid often to turn to Feculæ, or exceeding bright and flaming 
Parts, which do not continue long on the Sun's Face, before 
they are extinguiſhed or diſappear. But theſe Feculæ, or 
flaming Spots, are very rare of late, fince I have never had 
the deſirable Sight of one of them. 

$. The ſagacious Mr. Derham very rationally ſuppoſes, that 
— T he Spots in the Sun are cauſed by the Eruption of Vulcano's there» 
in, the prodigious Quantity of Smoke, and other opacous Matter, 
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B. They all appear to move from the E/ 
tern to the Weſt ern Limb of the Sun, in about 
12 or 13 Days. 

A. Pray what do you infer from thence ? 

B. Why, was it certainly known (as it is the 
general Opinion) that thoſe Spots were really in 
the Sun's Body; then, from their apparent Mo- 
tion, we could be aſſured of the Sun's real Mo- 
tion aboutitsown Axis, in ſomewhat above 25 
Days and 6 Hours: But if theſe Spots are only 
ſome diſtinct Bodies actually moving round the 


Sum, then we have no certain Knowledge that 


the Sun hath any real and proper Motion at all. 

A. How, Sir, do you ſay no Motion at 
all ; pray do we not ſce him move every Day 
from Eaſt to Weſt ? Fr 

B. He ſeemeth, indeed, to us ſo to move; 
but that is one of the Fallacies of Sight, and 
indeed the greateſt. | 

A. What! Sir, will you pretend to ſay he 


doth not move: 

making the dark Spots, which gradually decaying and ſpending it- 
Jelf,, makes the Spots degenerate to Umbræ and Nebulz ; that is, 
70 Shadows and Miſis; laſtly, the fuliginous Matter being quite 
diſſipated, and ſpent, the horrid Flames of the Vulcano appear, 
and make the Fecule before deſcribed. 

9. In obſerving the Spots, Ic. of the Sun, the beſt Way is 
to uſe a Teleſcope of about 6, 8, or 10 Feet Length, with a 
ſmoked Glaſs placed before the Eye-Glaſs next the Eye; if 
in this Caſe the Teleſcope be, and a Micrometer fitted thereto, 
the Spots may with Eaſe be meaſured, and their Appearances 
obſerved from Day te Day. Alſo the Sun's Image may be re- 
ceived into a dark Chamber (through a Teleſcope with an 
Object Glaſs and one Eye Glaſs only) on a Piece of white Pa- 
per, which may be magnified or diminiſhed as Occaſion re- 
quires ; this is an eaſy and innocent Way, and that which I 
generally uſe, 

See much more concerning this curious Subject in the Ph/. 
Tranſattions, Ne 28?, 294, 330; or the ſame abridged by Mr. 
Jones, Vol. IV. Page 228 to 245. As allo in Harris's Lexicon, 
under the Word Maculæ. - 

B. Yes, 


ks ws 


www » 99 
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B. Yes, Sir, there is no Reaſon to think 
he doth move; and there are phyſical Demon- 
trations that he doth not move. 

A. Pray what are they ? 

B. One of them is this: That fince the Sun, 
the Earth, and all the Planets gravitate mutu- 
ally towards each other, they muſt all have one 
common Centre of Gravity, about which they 
muſt all move; but Sir Iſaac Newton hath ſhewn 
and demonſtrated, that this Point, or Centre of 
Gravity, is not quite a Diameter of the Sun diſtant 


from the Sun's Centre ; therefore the Earth, and 


all the Planets, move round a Point not half 
the Diameter of the Sun diſtant from the Sun's 
Surface ; and this is the ſame Thing to us, as 
if the Earth, &c. moved about the Sun 1tſelf *. 

A. Well, I cannot confute Sir 1/aac, it is 
true ; but I can chooſe whether I will believe 
bim: Should not I ſooner believe the Word of 
God, and my own Senſes ? 

B. No: A Demonſtration at once com- 
mands Aſſent, notwithſtanding the UHteral 
Meaning of Scripture, and the Evidence of all 
our Senſes to the contrary, No one needs be 
convinced of the Fallacy of Sight, who hath 
ever been in a Ship under Sail; nor was the 
Scripture intended for a Syſtem of Phy/iologyÞ. 

| CHAP. 


Principia Math. Philo/. Lab. III. Prop. 12. & Corol. The 
other Phyſical Demonſtration of the Earth's Motion about the 
Sun, ſee in KeilPs Afronem. Lectures. Page 34, 35; or in the 
Philolog. Library of Literary Arts and Sciences, Page 300. 

+1 am ſorry any one ſhould take from hence an Occaſion to 
ſay that I ſpake irreverently or ludicrouſly of the ſacred Scrip- 
tures ; I think it would be very diſhonourable and ridiculous to 
urge them in any Senſe againſt a #nown and demonſtrated7ruthof 
any 
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II. 
SELENOGRAPHY, or the Pu ILOSOrHY of the 
MooN. 
A. HAT is the Etymology of the 


Word . OE 4 

B. It is compounded of 9274, the Moon, 
and yrugn, a Deſcription ; wherefore it means 
a phy/iological Deſcription of the Moon. 

A. You ſpeak of the Moon in the pngular, 
as if there was but one; whereas juſt now 
you numbered our Moon with ſeveral others. 

B. Yes, there are ſeveral other Moons, as 
Jupiter hath four Moons, and Saturn hath five 
Moons; but becauſe we know little more of 
them than their Number, Motions, and Diſ- 
tance from their primary Planets, we ſhall 
omit them here, and ſpeak of them together 

with their Primaries by and by. 

A. Well, ſince the Moon is favoured with 
the Preheminence to be conſidered alone; 


pray what do you firſt obſerve in her: 


any Kind. I eſteem the Bible not only a juſt Hiſtory of FaQs, 
but a divine Revelation, and the beſt Syſtem of natural Reli- 
gion in being; but I am fo far from thinking that we are to 
be directed in our Sentiments of natural Science, eſpecially 
Philosſephy and 4/ironomy, by the Scriptures, that I am apt to 
believe thoſe Sciences, as they are now and truly underſtood, 
were entirely unknown to the Writers of thoſe Books. 

But if any one gives himſelf the Trouble, he may ſee the 
Arguments for the Sun's Motion fairly Rated, and fully con- 
futed, in Varenius's Geog. General. Par. I. Lib. I. Cap. 5. 
Atlas Geog. Inttodudtion, & 12. Joan. Clerici Phyfica, L Lib. I. 
Cap. 2. & 3. Galilei $) em. Coſmic. Pag. 354, 350, 457, 492, 
644. Epiftola Paul. Anton. Foſcarini, wholly on the Subject. 


B. It 


Of the Moon, her Dimenſions, and Motionc. 143 

B. It is found that the Body of the Moon is 
a large, dark, opake, ſpherical Body, alike to 
our Earth in Matter and Form. 

A. What Proportion doth the Mon bear tothe 
Earth in its Magnitude and Denſity of Matter? 

B. The Bulk of the Moon is to that of the 
Earth, as 5863 33000 to 258445900000, or 
as 5 to 258; that is, the Earth is about 50 
Times (at leaſt) bigger than the Moon; the 
Denſity of the Moon is to the Denſity of the 
Earth, as 4891 to 4000, or as 11 to g; the 
Quantity of Matter in the Moor is to that of 
the Earth, as 1 to 40, or as 1000 to 39788, 
more nearly ; and the Weight of Bodies on 
the Moon's Surface, is to their Weight on the 
Earth's Surface, as 34 to 100 K. 

A. Can you tell the particular Dimenſions 
of the Moon's Body in Engliſb Meaſure ? 

B. Ves; the Diameter of the Moon is 2175 
Engh/þ Miles, her Circumference therefore 
muſt be 6829 Miles ; whence the Superficies 
of the Moon will contain 1415440 ſquare 
Miles, and her ſolid Content will be 
538633 3000 cubick Miles, as before. 

A. On what do theſe Meaſures depend? 

B. On the Diſtance of the Moon from the 
Earth ; which ſome Aſtronomers make 59, 
ſome. 60, ſome 61, Semi-diameters of the 
Earth, that is, about 238920 Engliſb Miles; 
whence the Diameter of the Moon's Orb will 
be 477840 Miles, and Circumference thereof 
1500415 Miles; which therefore is the Jour- 
ney the Moon performs every Revolution +. 


A. Then 

* See Newton. Princip, Phile/. Pag. 468, 469. 
1 The Diſtance of the Moon from the Earth is thus found. 
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A. Then you do allow the Moon to move 
about the Earth every Day from Eaſt to Weſt, 
though you deny this to the Sz7 ? 


(See Fig, XLVIL. on Plate IX, fronting p. 132.) Let ABC be 
the Earth, V the Moon 1n the Zenith, and D the Moon in the 
Horizon: BD is the /er/ible Horizon, and CH the true or ratio- 
nal Horizon. Suppoſe the Moon in that Part of her Orbit neareſt 
the Earth; an Obſerver at B would ſee the Moon in the Line 
BD, but to an Eye placed in the Centre of the Earth C, ſhe 
would appear in the Line CD; the former is her apparent Place 
known by Obſervation with exa& Inſtruments ; the latter, her 
true Place, and is known from the Theory, or Table: The Dif- 
ference of theſe two Places is found to be 1? 2 10"), and is the 
Meaſure of the Angle BDC, which is called the Moon's Hori- 
zontal Parallax; the Angle at B is a Right one, and BC is the 
Semi-diameter of the Earth. Wherefore, in the Triangle BDC 
we can eaſily find the Side BD, the Diftance of the Moon from 


As the Sine of the Angle D ==“ 2' 10" 8.257419 


To the Side — 50 — 1 =0 000000 
So is the Sine of the Angle BCD =88957' 50 =9 999929 
To the Side — DB = 55.27 =1.742510 


That is, the Moon (when neareſt the Earth) is 5 5 V Semi: dia- 
meters of the Earth diſtant from the Point B. But a Semi-dia- 
meter of the Earth is 3982 Miles, which multiplied by 55 Fs, 
gives 220085 4 Miles, her neareſt Diſtance from the Obſerver 
at B. In the ſame Manner you find the Side CD=220344 f 
Miles, her neareſt Diſtance from the Centre of the Earth. But 
her mean and greateſt Diſtance is variouſly determined, as above 
hinted. | 

Again, to find the Diameter of the Moon in Miles, let P be 
the Moon, and O her Centre, join CO and PC; then is the 
Angle OCP equal to the apparent Semi-diameter of the Moon 
at the Centre of the Earth, which, for the abovementioned Ho- 
rizontal Parallax, is 16'52" (ſee Note “ in Page 136) and CO 
is equal to CD=2203444%, and the Angle at O is a Right 
one, whence the Side PO is thus found: 


To the Side — CO = 22034475; 5.342611 


So is the Sine of the Angle OCP = 16' 52'' =—7.690663 
To the Side — OP = 10709; 3.033269 


_-Whichis the Number of Miles in the Semidiameterof the Moon, 


the Double whereof, vg. 21594; is the Number of Miles in the 
Moon's true Diameter. This indeed is 16 Miles leſs than that 
aſſigned in the Text, but the Difference is too ſmall to be re- 


garded. 
4 B. The 
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Of the Moon, her Dimenſions and Motions. 14.5 


B. The Moon doth, indeed, move about the 
Earth, and that in about 27 Days, 7 Hours, 
and 43 Minutes, at a mean Rate: But this 
Motion is not from Eaſt to Weſt, but, on the 
contrary, from Feſt to Eaft, every Day about 
13 Degrees and 10 Minutes. | 

A. How comes it then toappear to do thus ? 

B. By reaſon of the daily Motion of the 
Earth about its own Axis from Met to Eaj; 
once in 24 Hours; which maketh the Sun, 
Moon, and all the heavenly Bodies, appear to 
move the contrary Way from Eaſt to Weſt in 
the ſame Time. | 

A. Pray why do we ſee the Moon riſe and ſet 
above an Hour later every Day than another? 

B. I ſhall make this eaſy to conceive. Thus, 
ſuppoſe T be the Globe of the Earth, WSEN 
the Orb of the Moon; let AD repreſent the Ho- 
riʒon, in which let the Moon ) be, on any Day 
at her riſing and ſetting, in Eand W: Now, be- 
cauſe the Moon moves every day about 130 10 
from Weſt to Eaſt, let that Diſtance be repre - 
ſented in the Meon's Orb by WF and EH; 
therefore at the ſame Time, on the following 
Day, the Moon will be under the Horizon at H 
at her riſing, and above the Horizon at F, at 
her ſetting the Day before; where the Surface 
of the Earth muſt turn from A to B, and from 
D to C, before the Moon will be again in the 
Horizon at riſing or ſetting ; which Motion from 
A to B, or from D to C, takes up about an 
Hour's Time, more or leſs, every Day. See 
Fig. XXI. on Plate XIII, fronting p. 1 55 *. 

. 
In an oblique Sphere, all great Cireles interſecting the 


Eguinoctial will, in the Revolution of the Sphere, interſect the 
K Horizon 
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A. Sir, I thank you; I perfectly underſtand 


you, and the Meaning of this Phenomenon : 
Pray hath the Moon any other Motion? 

B. Yes: She revolves abuut her own Axis 
Juſt in the ſame Time ſhe performs one Revo- 
lution about the Earth, viz. in 27 Days, 7 
Hours, 43 Minutes “. | 

A. How are you ſure of that ? 

B. Becauſe at the ſame Times we always ſee 
the ſame Face or Side of the Moon; but this 
could not happen, unleſs a proper Motion about 
her Axis turned every Day juſt ſo much of the 
Mzoon's Body to the Earth as her periodical 
Motions turn from it. 


Hcrizon with different Angles at every different Part thereof. 
Thus with reſpect to the Ecliptic, when the Beginning of Libra 
is ortent, or riſing in the Eaſt, it then makes the greateſt Angle 
with the Horizon; when Capricorn is orient, the Angle is 
mean, and when Aries is orient, the Angle is leaſt of all; and 
therefore when the Moon is full in the Beginning of Libra, one 
Day's Motion depreſſes her fartheſt below the Horizon, and 
leaſt when in the Beginning of Aries; conſequently, the Dif- 
ference of her riſing each Day at the wernal Equinox will be 
greateſt, and leaſt of all in the autumnal Equinox. 

Now fince the Moon's Orb interſectsthe Ecliptic in an Angle 
of about five Degrees, when theſe Points of Interſection ſhall 
happen to be in the Equinoxes, a full Moon in the Beginning 
of Libra will riſe Iater the next Day after by one Hour and 
about 25 Minutes; and in the Beginning of Aries, by the Dif- 
ference only of about 20 Minutes. And if the Moon be in 
Perigeum at ſuch Times, the Intervals of her riſing will ſtill be 
greater in the former Caſe, and leſſer in the latter. Thus the 
Autumnal full Moon riſes near an Hour ſooner, the next Day, 
than the Yernal one; whence, by Way of Diſtinction, it is vul- 
garly called the Harwveft Moon. 

The Revolution of the Moon through the Zodiac is called 
a Lunation, and 12 of theſe Lunations or Revolutions is a Lunar 
Fear ; and which takes up the Space of 354 Days, 8 Hours, 48' 
38”, The Difference between this and the /o/ar Year, which 
contains 365 D. 5 H. 48 57”, is almoſt 11 Days, which 
Chronologers call the Zza&#. dee my Philolog. Library, Page 
338, 350, c. | 

And becauſe the Moon's Motion about her Axis 1s per- 


formed in the ſame Time as about the Earth, the Lunarians have 


their Methemefon or Natural Day equal to their Month. 


A. This 


mm kc... 5 od 


S 


—— 
„ 


Lon 


CD ,o ; 0 — . 2 — 


Of the Moon's Phaſes. 147 


A. This muſt be a wonderful Harmony 
and Correſpondence of Motions, indeed | But 
what is the Form of the Moon's Orbit ? a 

B. The Moon's Orbit 1s elliptical, but is 
perpetually changing, and never continueth 
the ſame Species, or of the ſame Figure. 

A. How lo? 

B. The Cauſes of Inequalities of the Mo- 
tions of the Moon, and the Form of her Orbit, 
are the different Attractions of the Sun and 
Eartb, the Eccentricity of her Orb, and the 
Obliquity of the Axis of her daily Motion “. 

A. I think you agree, the Moon receives 
all the Light ſhe ſhines with from the Sun? 

B. Yes, ſhe does fo; and by Reflection 
conveys it to us in the Sur's Abſence Þ. 

A. Pray, Sir, give me Leave to aſk what is 
the Reaſon why ſome Parts of the Moon's Face 
look dark, and others light? 

B. The bright Parts of the Moon's Body are 
the more eminent Parts of Land, which re- 
fle& the Light of the Sun, as Hills, Moun- 
tains, Promontories, Iſlands, &c. and the 
dark Parts of the Moon are thought to be Seas, 
Lakes, Rivers, Fens, &c. by ſome; and by 
others, they are ſaid to be ſhaded Vallies, 
Caverns, Pits, Sc. But in Truth they repreſent 
both Water and ſhaded Places ; for neither of 
theſe reflecting Light, muſt appear dark, and 


not bright. 


Concerning the Irregularities of the Moon's Motion, and 
her compleat Theory, ſee Newton, Princip. Lib. III. Gregory's, 
Whifton's, and Keill's Aſtronomy ; alſo Mr. Leadbetter's Books 
of Aſtronomy. - | 

+ The Sun's Light by Reflection from the Moon is fo very 
weak and effœtè, that it cannot be made to produce any ſen- 
ible Heat by the beſt of Burning-Glaſſes yet made. 


K 2 A. Then 
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A. Then you ſuppoſe the Moon to be inha- 
bited, I find ? I have heard there be ſome of 
that Opinion. 

B. Yes, undoubtedly ; to what End elſe 
can ſerve the Diſtribution of Land and Water, 
Mountains and Vallies, Caverns, Pits, &c, ? 
Beſides an Atmoſphere of Air (and thereby 

. Winds, Clouds, Rain, and other Meteors of 
Conſequence) has been lately diſcovered about 
it: No doubt but they ſerve the Purpoſes 
there, as here, to nouriſh and ſuſtain Men, 
Beaſts, and Vegetables “. 

A. Indeed, if it be ſo, your Reaſoning and 
Inferences are very juſt: I wiſh I could have 
the Happineſs of viewing the Face of the 
Moon through a good Teleſcope, for my own 
Satisfaction. 

B. It is a very great Curioſity indeed; I can 
tell, becauſe I have thus viewed it many 
Times ; I ſhould be glad if the Weather 
would permit me now to gratify you in this 
Particular; however, to make amends for that, 
I can ſhew you the Face of the Moon curiouſly 
engraven, and juſt as it appears through ſuch 
a Glaſs, with the Names which ſeveral Sele- 
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* That the Moon is inhabited, few have doubted ; but it is 
a great Queſtion with ſome whether there be an Atmoſpbere 
about her, and others flatly deny it. See Hugens's Coſmoth. 
Book II. and Keill's Aſtron. Lect. X. 

The Moon through a good Teleſcope not only appears per- 
fely globular when at full, but at other Times to have all the 
Varieties of Mountains, Vales, and Seas, as we may ſuppole a 
vl Lunarian can behold in our Earth, 
430 They who would ſee the Manner of meaſuring a Lunar 
it Mountain, may conſult Mr. Derham's Aſtro-Theol. Book V. 
Wi | Chap. 2. in the Notes, and the Authors there referred to. As 
f „ | alſo my Young Trig. Guide, Vol. I. Part II. Chap. 3. Sed. 
_ 20. and Keill's Aſtr. Lect. X. Page 107. 
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nographiſts have given to the ſeveral light and 
dark Parts thereof. See Fig. XX. on Plate 
XI, fronting p. 149. 


CH AP. IV. 


Of PLANETOGRAPHY, or the PHILOSOPHY 
of the PLANETS. 


A. RAY what is the original Meaning of 
the Word Planet ? | 

B. It is a Greek Word, and derived from the 
Verb Thz»zoua, to wander or ſtray; whence 
the Engliſb of this Word is, a wandering Star. 

A. I think I remember, you told me there 
were two Sorts of thoſe Planets, or wandering 
Stars; the firſt you called primary Planets, the 
other Secongaries, or Moons, or Satellites? 

B. It is true I did: And the primary Pla- 
nets, viz, Mercury, Venus, the Earth, Mars, 
Jupiter, and Saturn, are principally here in- 
tended, as the Subject of our preſent Diſ- 
courſe ; and the Secondaries we will only con- 
ſider amongſt the Accidents of the Primaries. 

A. Well, fince a Planet hath its Name 
from its Motion, we will firſt begin with the 
Motions of the Planets if you pleaſe: And, 
pray, in what Order, Form, or Manner, do 
the P/anets move? 

B. I have already ſaid, that the Sun is the 
Centre of our Syſtem; about which the Planeta 
all revolve in different Diſtances; 1. Mercury, 
2. Venus, 3. Earth, 4. Mars, 5. Jupiter, and 
6. Saturn, as you ſee them in the Solar Syſtem; 
the Form of their Motion is elliptical more or 
leſs, and not perfectly circular; and they all 

K 3 move 
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move round the dun, in ſuch Manner, as 7 
deſcribe equal Areas of Space in equal Times. 
A. Pray, Sir, if you can, illuſtrate this 
Matter by a Scheme. 
B. Sir, that may be done very eaſily, 
Thus, let S be the Sun, ABPCD the ellipti- 
cal Orb of a Planet P; then the Part of the 


Orb is called the Peribhelium, being the near- 


eſt Diſtance from the Sun; and the Part A is 
called the Aphelium, as being the fartheſt Dil- 
tance from the Sun; and SE is called the Ec- 
centricity of the Planet; and as this Eccentri- 
city is leſs or greater, ſo the Orb of the Planet 
is leſs or more elliptical. See Fig. XXII. on 
Plate XIII, fronting p. 155. 

A. But you have not yet ſhewed what is 


meant by a Planet's deſcribing equal Areas in 


equal Times. 

B. This is no more than to ſay, if the 
Times, in which the P/anet moves in his Orb 
from P to C, and from C to D, and from D 
to A, be equal to each other, then the Areas 
or Spaces PSC, CSD, and DSA (deſcribed in 
thoſe equal Times, by Lines drawn from the 
Planet to the Sun} will alſo be equal among 
themſelves, and the contrary k. 

A. But, pray, do you aſſign ſuch very une- 
qual Portions of the Orbit to be paſſed over in 


equal Times? Do not the P/znets move equal 


Diſtances in their Orbs in equal Times? 

B. No, very far from it; for the Velocity 
of a Planet's Motion is different in every Part 
of its Orb, being iometimes greater, and ſome- 


times leſs, 

By the contrary is meant only, that if the Areas deſcribed be 
equalamongthemſelves, the Timesin which they weredeſcribed 
will allo be equal. See Neavzer, Princip. Lib, III. Prop. XIII. 

A. How 
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A. How happens that ? 

B. By Gravity, or the Sun's Attraction: For, 
when the Planet is in P, the Sun attracteth it 
moſt ſtrongly; and therefore the Motion there, 
and thereabouts, 1s greaterthan any where elſe. 
Again, when the Planet is in its Apbelium at 
A, at its greateſt Diſtance from the Sun, it is 
then leaſt affected by the Power of Gravity, 
and conſequently the Motion there, and there- 
by, is the leaſt or ſloweſt of any Place in the 
Orb. But, when the Motion is ſo unequal, 
the Arches PC, CD, DA, muſt needs be fo 
too, though deſcribed in equal Times. 

A. Sir, I conceive it mult be ſo now; I did 
not think of the Sun's Attraction: Since there- 
fore thoſe Areas are always proportional to the 
Times, pray, what Proportion of Gravity or 
Attraction will produce this? | 

B. The Power of Gravity 1s always reci- 

rocally as the Squares of the Diſtances of the 
Planet from the Sun Thus, ſuppole the Di- 
ſtances SP, SC, SD, SA, were as the Numbers 
5, 6, 9, Io, then the Power of Attraction in 
thoſe Diſtances would be reciprocally as their 
Squares, viz. 100, 81, 36, 25; ſo that it would 
be four Times greater in the Peribehum P, 
than in the Aphelium A; and this is the con- 
ſtant Law of all the P/anets both primary and 
ſecondary, 

A. Pray what other Affections are obſerva- 
ble of the planetary Motions ? 

B. The Planets, as I told you, all move about 
the Sun in reality from Weſt to Eaſt, and yet 
they ſometimes appear to move the contrary 
Way from Eaſt to Weſt, and ſometimes not to 
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move at all for ſome Time; and thus they are 
ſaid to be direct, fiatwnary, or retrograde. 
A. I ſhould be glad if you could explain this 

to my Apprehenſion by a clear and eaſy Scheme, 
B. That I will endeavour to do : There- 
fore let S be the Sun, ACE the Orb of the 
Earth, and FGI a Part of the Orb of any one 
of the ſuperior Planets, ſuppoſe Jupiter; alfa 
let QR repreſent the Arch of the ſtarry Hea- 
vens, wherein we ſee and determine the Places 
and Motions of all the Planels, (ſee Fig. XXIII. 
on Plate XIII, fronting p. 155.) Now. fuppeſt 
the angular Motion of the Earth be fo much 
greater than that of Jupiter, that while the 
Earth deſcribes the Arch ECA, Jupiter ſhall 
only deſcribe the Arch HGF; then it is eaſy 
to conceive, that, when the Earth is in E, the 
Planet at H will be ſeen amongſt the fixed 
Stars at M, and ſo he will alſo, when the 
Earth is arrived at D; therefore all the Time 
the Earth is paſting from E to D, the Planet 
will ſeem to ſtand fill about M, and is ſaid to 
be Stationary: Again, when the Earth is ar- 
rived to C, the Planet will really be moyed 
forwards to G, but will be ſeen from the 
Earth at C, amongſt the Stars at N; where- 
fore, while the Earth paſſeth Eoftward from 
D to C, the Planet will appear to move Weſt- 
ward from M to N in the Heavens, which is 
backward; alſo, while the Earth moves from 
C to B, the Planet will ſtill ſeem to move 
backwards from N to O, where it will again 
be Stationary till the Earth comes to A. Do 
you underſtand me? 
A. I believe I do: You mean, that while the 
£erth paſſeth from E to D, and from B to A 
| the 
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the Planet Fupiter will appear not to move in 
the Points M and O; and then he is ſaid to be 
Stationary; Alſo, while the Earth is paſſing 
from D, by C to B, and though Jupiter really 
moves in his Orb from H to F Eaſtward, yet 
he will ſeem to us to move from M to O Meſt- 
ward, or backwargs ; and during that Time 
is ſaid to be Retrograde: I think this is the 
Matter as you intended I ſhould underſtand it; 
js it not } 

B. Yes, I am glad to ſee you underſtand 
this intricate Phænomenon ſo well; and in a 
like Way you may underſtand the ſame of the 
inferior Planets. 

A. Pray what particular Affections hath 
each Ls} 7 

B. Eclipſes are peculiar to the Earth, Fupi- 
ter, and Saturn, becauſe thoſe Planets in par- 
ticular have Moons or Satellites moving round 
them, which occaſion thoſe Eclipſes; alſo one 
Thing is particular or peculiar to Saturn alone; 
and that is a ſurpriſing Kind of a Ring, encir- 
cling the Body of this Planet at a great Dis- 
tance. Laſtly, Jupiter hath the Appearance 
of Belts girding his Body; and Jupiter, Mars, 
and Venus, are found to have dark Spots on 
their Diſks. 

A. Well, that we may have ſome regular 
Account of thoſe wonderful Particulars, let me 
know firſt concerning the Nature, Number, 
and Diſtances of the Moons or Satellites per- 
taining to the primary Planets. 

B. The Earthhath one Moon, of which alrea- 
dy: Jupiter hath four Moons, and Saturn five 
Mons: The Times in which they ſeverally re- 
yolve about their Primaries,and theirDiſtancein 
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Semi-diameters of the Bodies of Jupiter and 
Saturn, are as here follow ; 


In Jupiter. 


r D, H. M. 

1 Satellite 1 - 5 Diſtance 5 6 Semi nf 

- : + from Fupi- 7 Fupiter, 
s TC Y 

33 ter's Centre 25 7 


In Saturn. 
P. © Ms 5 
1 Satellite 1 21 18 1 3 
2 — 2 17 41 Diftance 2 + [| Semid. of 
3 ——— 4 12 25 from Saturn's 3 + Saturns 
4 4 Centre 8 Ring. 
— 41 23 Is 


Theſe Moons, and their Affections, were all 
diſcovered by Means of the Teleſcope ; and, 
before its Uſe, were unknown to the An- 
clients *. 

A. They 


* 1. In the Beginning of the Year 1665, the famous Chri/. 
Hugens diſcovered the biggeſt of Saturn's Satellites with a Te- 
leſcope of 12 Feet, and is the fourth from Saturn. The other 
four Satellites of Saturn were all the Diſcovery of Mr. Caſſini, 
the 3d and 5th in the Year 1671, 1672, and 1673; but the 
iſt and 2d were not diſcovered till the Year 1684, by extraor- 
dinary Glaſſes of 80, 100, 150, and 200 Feet in Length. 

2. All Jupiter's Satellites were diſcovered by Galileo, on Jan. 
7, 1610; and from that Time to this no more than four could 
ever be ſeen, Theſe Moons are eaſily ſeen with a 2, 3, or 4 
Feet Glaſs, - eſpecially with ſhort Focus Eye-Glaſſes ; but to 
make exact Obſervations of their Motions, a Glaſs of 10 or 12 
Feet 1s neceſſary ; but a good Reflecting Teleſcope of 4 or 6 
Feet 1s ſufficient for viewing or obſerving the Satellites either 
of Jupiter or Saturn. 

3. M. Molyneux, in the Year 1681 , Now. 2, at Io at Night, 
obſerved a total Diſappearance of all Fupiter's Satellites, at once; 
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Of the Satellites of Fupiter and Saturn. 155 


A. They are certainly noble Diſcoveries; 
but you ſay they are the Cauſe of Ecligſes to 
their Primaries; how, I pray you ? 

B. This, both in the primary, and alſo in the 
ſecondary Planets, will be beſt underſtood by a 
Scheme, ſhewing the Eclipſes of the Earth and 
Moon: For, in Fig. XXIV. on Plate XIII. 
fronting p. 155, you obſerve the Earth E, 
in her annual Orb AB, moving about the Sun; 
at the ſame Time, you. obſerve the Moon 


Jupiter then appearing ſolitary, as it were deſerted by his 
Guards; and a bold Lucian might have pulled him from his 
Throne without Reſiſtance, ſays the jocoſe Author. But they 
were the iſt, za, and 4th on his Face, and the 2d behind his 
Body, in the Manner as repreſented in Fig. XLIX. on Plate 
XII, fronting p. 153. See Molyn. Diopt. Page 271, Cc. 

4. For the Satellites of Jupiter or Saturn may be rendered in- 
viſible to us four different Ways, (ſee Fig L. on Plate XII, 
fronting p. 153.) Let 8 be the Sun, E the Earth, I Jupiter 
in his Orbit GH, and à, 6, c, d, bis four Satellites about him. 
Then, (1.) A Satellite may be eclipſed by Jupiter's Shadow TD. 
(2.) It may be hid behind the Body of Jupiter, in the Line IF. 
(3.) It may paſs over the Face of Jupiter, whoſe greater Light 
will render that of the Satellite inſenſible. (4.) Laſtly, One 
Satellite may paſs before and intercept the Light of another ; 
though this is a Caſe that very rarely happens. 

5. Notwithſtanding the Satellites have all a circular Motion 
about their Primary, yet when they are viewed, they appear zo 
be, and to move in a flraight Line ſituated Eaſt and Ve. The 
Reaſon whereof is, that ſince the Planes of the Orbits of the 
Satellites do nearly paſs through the Eye of the Spectator, 
either half of any of their circular Orbits, as ABC or ADC, 
will be projected into its Diameter AC, and conſequently its 
Satellite with it; and thus the Satellites, if ſituated in the 
Orbit in a, 6, c, d, will appear to a Spectator on the Earth at 
T, in the Right Line AC in the Points e, /, g, h. 

6. Alſo, while the Satellite is in the neareſt Semi- circle 
CBA, he appears to move from Eaft to Weſt in the Line CA; 
but while he paſſes the remote Semi-circle ADC, he will then 
appear to return from the Weſt to Eaſt along the ſame Line 
AC; ſo that in one Revolution he appears to move twice 
through the Right Line AC, 

7. From hence alſo it appears, that the moſt diſtant Satellite 
may appear nearer the Body of Jupiter than the neareſt ; and 
the contrary ; which is ſo eaſy to conceive, that I need not 
perplex the Scheme for an Example, 
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moving about the Earth in her Orb: Now 
when the Moon is in Conjunction with the 
Sun, i. e. when the is juſt between the Earth 
and Sun, and is what we call the New Moon, 
as at M; then it is evident her Shadow will 
fall on the Earth at E, and conſequently will 
hide ſome Part of the Sun's Body from thoſe 
who dwell on that Spot; and this is what 
they call an Ec/zp/e of the Sun, but is properly 
an Ecl/rp/ſe of the Earth; for you ee it is the 
Earth that is really darkened, and not the 
Sun: Allo it is evident, when the Moon is in 
the oppoſite Part of her Orb at N, in direct Op- 
poſition to the dun, that then the Earth be- 
ing exactly between the Sun and the Moon, 
will caſt her Shadow on the Myon; and the 
Moon being thus overwhelmed in the Shadow 
of the Earth, will appear dark or duſky, and 
is properly ſaid to be then eclipſed. 

A. This, indeed, 1s ſo plain and evident, I 
believe none can look on it, and not apprehend 
the Manner and Cauſe of Eclipſes. Pray, can 
you tell the Quantity of Eclipſes? 

B. Yes; the dark Shadow of the Moon co- 
vers a Part of the Ear:h's Surface about 180 
Miles in Diameter, and moveth at the Rate of 
2104 Milesan Hour: But the partial or penum- 
bral Shadow extends tothe Width of 4900 
Miles: And as to Lunar Eclipſes, the Diameter 
of the Earth's Shadow at the Moon, is near three 
Times greater than the Diameter of the Moon; 
and therefore the Moon, in central Eclip/es of 

her 


The Nature of a Solar Eclipſe will be farther evident from 
Fig. LI. on Plate XII, fronting Page 153, where S is the Sun, 
'T the Earth, and M the Moon. From the Extremities of 4 
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her Diſk, is totally darkened, or eclipſed, for 
ſome Time. A. So, 


gun draw CF and CB on one Side, and DE and DA on the 
other, touching and including the Moon's Diameter. Then it 
is manifeſt, there will be two Kinds of Shadows produced from 
the Moon ; onedetermined by 2 CB and DA, and is pro- 
perly called the dar Shadoau, becauſe an Eye placed with that 
cannot poſſibly ſee any Part of the Sun's Diſk. The other is 
determined by the Rays CF and DE, and is called the Penam- 
bra, or partial Shadow, becauſe to an Eye placed therein, the 
Sun will be in part wifible, and partly obſcured; and as the dark 
Shadow is a Cone, whoſe Baſe is the Moon, fo the penumbral 
Shadow is alſo a Cone in a contrary Situation, its Vertex being 
above the Moon at V, and its Baſe at an infinite Diſtance 
though the Part of this Cone above the Moon beonly imaginary, 
and is equal the Cone of the dark Shadow below the Moon. 
From a View of the Figure, then, it muſt be plain, that the 
Inhabitants of the Earth between P and A will be within the 
partial Shadow, and will perceive only a Part of theSuneclip{ 
ed, which partial Eclipje will be fo much the greater, by how 
much the Spectator is near to A. At A the Sun begins to be 
wholly obſcured, and all within the Section of the dark Sha- 
dow AB will perceive a total Echpſe of the Sun, which ends at 


B, where it again becomes * And this is the dari and 
1 


penumbral Shadow, whoſe Dimenſions were above given. In 
ſome New Moons, the Latitude of the Moon from the Rcliptic 
is ſuch, that only the penumbral Shadow can fall on the Surface 
of the Earth, in which Caſe there will be only a partial Eclipye ; 
and ſometimes the Latitude will be fo great, as to give the 
Earth Room to paſs by the Penumbra without touching it, and 
then there will be no Eclipſe at all. 

The Manner of repreſenting a Solar Eclipſe in this Way, is 
purely phy/ical, or according to Nature; but the more 4ftrons- 
mical Way, is that according to Fig. LU. on Plate XII, fronting 
Page 153, where the Moon's viſible Way AB is repreſented in- 
terſefting the Ecliptic or Path of the Earth (at the Time of 
the Eclip/e ) in the Point d, called the Node. The Circle HCI 
is the Surface of the Earth, and D, F, and G the Section of 
the penumbral and dark Shadow of the Moon, as ſeen from the 
Moon on the Earth in the Time of the Eclipſe. AtD the 
Shadows are juſt entering on the Diſk of the Earth, and the 
Eclipſe begins; the Middle whereof is at F, and at G the 
Shadow is got clear off the Diſk, and the Eclipſe ends. 

In Fig. LIII. on Plate XII, fronting Page 153, the Latitude 
of the Moon KL is ſuch, that the Shadow only touches the 


Diſk, but does not enter or obſcure any Part thereof, In this 
Cale, 
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A. So, I ſuppoſe, Eclipſes happen to Saturn 
and Jupiter, on Account of their Moons; ang 
likewiſe to the Moons themielves, as well as to 
our Moon? 2 

B. Ves; but the Eclipſes of thoſe Planets 
are much more frequent than of our Earth, 
the Number of Moons, and their quick Circu— 
lations, neceſſarily making them ſo; alſo the 
Eclipſes of thoſe Moons or Satellites are very 
frequent, one or the other being continually 
paſſing thro' the Shadow of their Primary. 
A. Well, leaving the Moon and their Eclip- 
ſes, pray let me hear a Word or two about the 
wonderful Ring of Saturn, that you mention- 
ed juſt now. 

B. This moſt ſurpriſing Phenomenon of all 
the viſible World, was firſt diſcovered about 
100 Years fince: It is of a prodigious Size, 
great Breadth, and vaſt Compals ; it is ſaid the 
Diſtance of the inner Bordgr of the Ring, from 
the Body of Saturn, is equal to the Breadth of 
the Ring itſelf, each being computed to be at 
leaſt 21000 Miles; though others make the 
Interval between the Ring and Saturn's Body to 


Caſe, the Diſtance Ko is the Limit of the Eclipſe, becauſe 
the Earth within that Limit will receive the Shadow in Part 
or Whole, and beyond it it will not. Now the Angle BC 
is variable, and when leaſt, the Ecliptic Limit K is great- 
eſt; and when that Angle is greateſt, the ſaid Limit is leaſt. 
The Limit, when leaſt, is 146 36", and when greateſt, 160 
18 * 5 

After a like Manner you conſider an Eclipſe of the Moon, 
whoſe Ecliptical Limits or Boundaries are, the greateſt 1202 
24, and the leaſt 90 31 24". 

See more concerning theſe Affairs in Mr. Vhiſton's and Keill's 
- Aſtron. Lectures, and my Young Trigon. Guide, Vol. I. Part 
II. Chap. z. 

be 


„ © +. 


Of Saturn's Ring and Jupiter's Belts. 159 
he 210265, and the Breadth of the Ring to be 
29200 Miles; its Thickneſs is unknown, as 
being too little for Obſervation; it hath a Va- 
riety of Aſpects, ſometimes appearing a large 
Ellipþs, then a ſmaller; ſometimes only as a 
ſtraight Line, and ſometimes not viſtble at all: 


Theſe are the moſt remarkable Particulars of 


this Prodigy of Nature known by us; as to 
the Matter of which it doth conſiſt, that is 
not known by any. I have given you a Re- 
preſentation thereof in Fig. XXV. on Plate 
XV, fronting p. 187 “. 

A. This is aſtoniſhing, and full of Wonder 
and Amazement indeed! But did not you ſay 
ſomewhat of a like Nature pertained alſo to 
Jupiter? pray what are thoſe Belts of his you 
mentioned but now ? 

B. Thoſe Belf-/ike Appearances of Jupiter 
are ſuppoſed to adhere to, or be in the Surface 
of his Body, and not at a Diſtance from it, as 
the Ring of Saturn is from him; they are four 
or five in Number, and appear as repreſented 
on Fupiter's Body in Fig. XXV. on Plate XV, 
fronting p. 187. | 

A. And, pray, what are thoſe Belts ſup- 
poſed to be? 

B. Some have imagined they are long Canals 
of ſome fluid Matter, or Water; and, becauſe 
they have alſo obſerved ſeveral dark Spots on 
the Diſk of Jupiter, they conclude his Surface 


The celebrated Calles was the firſt who diſcovered any 
thing extraordinary in the Phaſis of Saturn, An. Dom. 1610, 


October. But Mr. Hagens firſt diſcovered it to be a Rizgencoms, 


paſſing his Body at a Diſtance, and publiſhed it to the World, 
An. 1059, in his Book called the Saturnian Syſtem. See more 
concerning this Phenomenon, in Dr. Gregory's, Dr. Keill's, and 
other Books of Aſtronomy ; asalſo Mr. Derham's Aſtro-T heology. 
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that impoſſible, by occaſioning too great Lighi 


160 The PuilosoPHICAL GRAMMAR, 
is divided into Land and Water, as that of ou 
Globe 1s, and 1s therefore inhabited ; as the 
alſo ſuppole all other Planets are &. 1 

A. Then they imagine the Planets to be (oi 
many Earths, or peopled Worlds? But do noi 
the different Diſtances of the Planets rende 


and Heat in ſome, and too great Cold andi 
Darkneſs in others? | 
B. Their Bodies, with their ſeveral Organs 
of Senſe, are undoubtedly ſuited and adapted to 
the different Conſtitutions and Temperaments 
of the Planets, which are the Extremes, by the 
ſamealmighty Power, and all-wiſe Providence, 
which hath ſuited our Bodies, &c. to the State 
of this Planet we live on, which is the mean. 
A. What are the different Dimenſions, 
Revolutions, Denſities, Quantities of Matter, 
Light, Heat, Fc. of the fix primary Planets, 
we are diſcourſing of? ä 
B. Theſe will be all ſeen to the beſt Advan- 
tage and compared in one general View; to 
that End, I have drawn up a Synopſis of them 
all together, as you here ſee, all grounded on 
Mr. NMhiſton's Calculations, which are the moſt 
moderate of any: I have moreover drawn the 
fax primary Planets in their true Proportions 
of Magnitude, on Plate XV, fronting p. 187. 
A. Sir, It is very good; I take it as a great 
Favour, and humbly thank you. 


I never yet could be fo lucky as to obtain a Sight of theſe 
Belts and Spots in Jupiter, tho“ I have often endeavoured it i 
with a Tube 12 and 16 Feet. The remarkable Spot diſcovered 
by Mr. Hoek, in 1665, May gth, at q at Night, is that by which 
the Motion of Jupiter about its Axis is determined to ben 9 
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Their Proportion of Light and Heat — — 


Their Moons or Satellites - — - $ 
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Leaſt apparent Diameters — - oo! 13 11 * 
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Of the Comets, their Motion, &c. 161 
CH AFP, 


Of ComMeToGRAPHY, or the PntLosopaY 
of the COMETS. 


A. AVING thus pretty largely converſed 
with the Planets, and viewed their 
various Natures, Numbers, and Affections; let 
us next, if you pleaſe, diſcourſe of the Comets: 
And, in the firſt Place, pray tell me what the 
proper Meaning of the Word Comet is ? 

B. CoMET is a Greek Word, derived of the 
Verb zoyvaw, to have long Locks, or wear long 
diſhevelled Hair; becauſe a Comet ſeems to 
have as it were a long hairy Tail. 

A. Pray what is the Matter or Subſtance of 
a Comet? 

B. Sir Iſaac Newton ſaith, the Bodies of Co- 
mets, or blazing Stars, are ſolid, compact, 
fixed, and durable Subſtances; and are, in- 
deed, but a different Kind of Planets, which 
move about the Sun, and ſhine by the Light 
of the Sun- Beams reflected from them . 

A. How many Sorts of Comets are there? 

B. CoME Ts receive a Diviſion or Diſtine- 
tion on Account of the different Form of their 


Tails: Thus, 


Cometa Crinitus, which caſts forth Beams 
like Hair around it. 

Cometa Barbatus, having a Tail reſembling 
a Beard. 

Cometa Enſiformis, having a Tail like a Sword, 


Principia Philof. $08, 
L A, Why, 
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A. Why, Sir, do the Comets appear with 
blazing Tails, and no other Planet or Star do 
ſo? | 

B. This ſeems owing to ſome peculiar 
unctuous Matter in the Bodies of the Comets; 
which, by their Approach to the Sun's Body, 
is prodigioufly heated, rarefied, and made to 
fly off in a fiery Vapour, on that Side oppoſite 
to the Sun, in the Form of along Tail, grow- 
ing wider and thinner (as all fumy Vapours 
do) the farther it proceeds from the Comer's 
Body. | 

A. Then you ſuppoſe, I find, that the Comets 


revolve about the Sun, as well as the Planets ; 


but, pray, in what Kind of Orbs do they move? 
B. They move, indeed, in ſtated Periods of 


Time about the Sun, in Orbs vaſtly eccentric 


and elliptical, but ſome more, and ſome leſs fo, 
as there Periods are longer or ſhorter, The 
Forms of their remarkable cometary Orbs are 
deſcribed in the Solar Syſtem before-going “. 

A. In what Parts or Regions of the Hea- 
vens do they move ? 

B. Far above our Atmoſphere, or Region of 
Air: Yet when they come neareſt the Sun, 
they all deſcend within the Orb of Saturn; 
and thoſe which come neareſt to the Sun, are 
nearer than even Mercury itſelf: Then from 
the Sun, they make amazing long Excurſions 
through the vaſtly diſtant Regions of the Uni- 
verſe all Manner of Ways, and acroſs the 
Otbs of the Planets. 

A. How far do you think ſome of the moſt 


erratic Comets may rove from the Sun ? 

See the parabolic Orbs of 21 Comets deſcribed in Mr. 
M hifton's Solar Syſtem, or the ſame epitomized in Dr. De/a- 
guliers's Courfes, Vol. I. 

B. Dc. 
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B. Dr. Halley has determined the longer 
Axis of the Orb of that Comet, which appear- 
ed in 1680, and whoſe Period is 575 Years, 
to be 1382957 Parts, of which the mean Diſ- 
tance of the Earth from the Sun is 10000; 
wherefore ſuppoling this mean Diſtance to be 
81000000 Engliſh Miles, then the Length of 
that Comets Orb will be 11201951700, i. e. 
above eleven thouſand and two hundred Mil- 
lions of Engliſi Miles; which may be eſteemed 
as ſo far beyond the Sun, the Sun being, as it 
were, in the very Orb itſelf at the hither moſt 
End. 

A. The Comets approaching thus near the 
Sun, muſt ſurely be very hot; and receding 
again to ſuch a prodigious Diſtance, muſt there 
be again very cold: Is it not thus, Sir? 

B. Yes, moſt certainly: Sir Iſaac Newton 
has computed the Heat of the aforeſaid Co- 
met, when neareſt the Sun, to be 2000 Times 
hotter than red-hot Iron: But Bodies thus 
heated preſerve their Heat a long Time; it is 
computed that a Ball of Iron, as big as the 
Globe of our Earth, would, if red-hot, require 
50000 or fifty thouſand Years to grow cold 
in; but the Bodies of Comets being vaſtly 
greater than our Earth, can therefore never be 


cold, at their greateſt Diſtance from the Sun#. 
A. And, 


* Since the Diſtance of the Comet Ann. 1680, Decem. 8, when 
it was in its Perihelion, from the Sun, was to the Diſtance of the 
Earth at thatTime fromthe Sun, as about 60 to 1000, the Heatof 
the Sun at that Time at the Comet was to the Heat of our Sum- 
mer Sun, as 1000000 to 36, or 28000 to 1. But the Heat of 
boiling Water is about three Times as great as the Earth con- 


ceives from the Summer's Sun; and the Heat of red-hot Iron 
L 2 18 
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A. And, pray, can the Places of the Comets 
be found in the Zodiac, as thoſe of the Pla. 
nets, by Calculation ? | 

B. Yes: That indefatigable Improver of all 
Arts, Dr. Edmund Halley, has, by the Labour 
of many Years, compiled a Set of Tables, 
whereby the Places of above 20 Comets are to 
be determined for any given Time: A Work 
which will endure for ever; and for which all 
future Aſtronomers muſt acknowledge them- 
ſelves jndebted to this great Man *. 

A. Pray what do you farther obſerve con- 
cerning thoſe Bodies? 

B. We may obſerve, that as they are diſ- 
covered of late Years to be hard ſolid Bodies, 
encompaſſed with an Atmoſphere, and revolve 
about the Sun in ſtated Periods of Time; 
therefore they are a Part of the Mo/arc Crea- 
tion, as well as other Planets, and are not to 
be reckoned Meteors, caſually kindled and 
fleeting inthe Air, as the ancient Philoſophers 
dreamed, | 

A. Well, to end the Diſcourſe of Comets, 
pray tell me, in the laſt Place, to what Uſe or 
Purpoſe they may ſerve ? 

B. Some conjecture they are appointed to 
demoliſh planetary old Worlds, and to ſupply 


is three or four Times as much as that of boiling Water ; and 
therefore the Heat which dry Earth would conceive from the 
ſolar Rays at the Comet 2 Perihelio1s near 2000 Times greater 
than red-hot Iron, And therefore with ſo great a Heat Yapours, 
Exhalations, and all volatile Matter, muſt needs be immediately 
conſumed and diſſipated. Newton's Princip. in Loco citato. 

This Synagſis of Cometary Aſtronomy by Dr. E. Halley is ex- 
cellently well explained by Mr, Vhiſten, at the End of his 
Geom. Lecturos. 


Materials 


Of the fixed Stars. 16 5 


ts Materials again for building them anew ; 
A others, that they are ſo many Hells to puniſh 
the Damned with perpetual Viciſſitudes of 
1] intolerable Heat and Cold ; but all is uncer- 
Ir, tain “. 
8. 
0 CH AP. 
1 ASTROGRAPHY, or the PHILOSOPHY of the 
L fixed STARS, 
A. O you not mean by Aſtrography, 
a the Science or natural Knowledge 
0 of the fixed Stars? 
N B. Yes: It being compoſed of the Greek 


Words, &qpor, a Star, and ypapn a Deſcrip- 
tion (as hath been ſaid often before) whence 
it ſignifies a philoſophical Deſcription of the 
fixed Stars. 

A, Pleaſe to tell me why they are called 
fixed Stars? 

B. They are ſo called, in Oppoſition to the 


Planets,or moving Stars; becaule theſe always 


The latter is Mr. Vhiſton's Opinion, as may be ſeen in his 
Aſtronom. Princip. of Religion. | 

See much more of Comets in Newton's Prin. Math. Phile/. 
Lib. III. Prop. 40, 41, 42. Dr. Gregory's Aſtronomy, Book V. 
Dr. KeilPs Aron. Lect. 17. Dr. Halley's Synop. of the Aſtron. of 
Comets. Mr. Whifton's Aſtron. Principles of Religion. Mr. Der- 
hams Aſtro-Theology. Rohault's Phyfics, Part II. Chap. 26. with 
Dr. Clarke's Notes thereon, Joan. Clerici Phyſica, Lib. I, 
Cap. 11. La Bibliothegue des Philaſophes, Tome prem. Page 
362. I Hiſtoire Naturelle de PUniverſe, Tom. I. Partie I. Chap, 
2. Inſlitutio Philoſ. Tom. III. $ 2. Dr. Chtney's Philo}, Princip. 
Part I. Chap. 5. § 18. Regnauit's Philoſ. Converſat. Vol. III. 
Converſ. 20. Page 283. with Mr. Da/e's Notes thereon. The 
Authors cited in John Philo/. Queſtions, Page 129, 139, 131. 
Dr. Harris's Lexicon, and Chamb. Didbion. ah 1: the Word Co- 
met, Dr. Deſaguliers's Courſe, Vol. I. Page 409, 410, 411. 
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keep the ſame Place in the Heaven, and do 
not ſeem to move for many Ages together. 

A. But by this, I think, you imply they 
have ſome Motion ? 

B. The Motion of the fixed Stars is very 
ſmall, not exceeding 5 of a Degree in a Vear, 
or one Degree in 70 Vears; and therefore to 
compleat one Revolution of a Circle is required 
25920 Vears; after which Time the Stars all 
return again to their former Places: This Pe- 
riod of Time they call the Great or Platonic 
Zear, in ancient Times; and imagined, when 
it was finiſhed, all Things would begin again 
anew, and return in the ſame Order they do 
now. 

A. I underſtand by what you ſaid of the 
diurnal Rotation of the Earth, that the Motion 
of the Stars from Eaſt to Weſt each Night, is 
only an apparent one; but the Motion you 
ſpeak of now, I preſume, i is a real and proper 
Motion of the Stars; is it not? 

B. No, Sir, even this is not real, but ap— 
parent; being occaſioned by a certain contrary 
equal Motion of the Earth, ariſing from the 

ſfpheroidical Figure thereof, which Figure alſo 
arifeth from the Rotation of the Earth about 
its Axis “. 

A. Thus much of the Motion of the fixed 
Stars; pray what do you think of their Num- 
ber, is it not infinite? 

* This is confirmed by Experiment; for if a large Armillary 


Sphere be made to turn very ſwiftly about an Axis, the ſaid 


Sphere will very viſibly ſwell out and become more extended 
in and about the Equatorial Parts, and at the ſame 'Time be 
contracted and fink from the Poles ; which will occaſion the 
Sphere to put on an late or Jpheroidical Form, ſuch as is here 
aſcribed to the Earth on Account of its rapid diurnal Motion. 
See Dr. Kei/!s Aſtron. Left, VIII. Page 77, 78, 79. 


5 B. It 
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B. If they are not infinite, they are certain- 
ly innumerable; for with a good 7 eleſcope they 
appear Millions beyond Millions, till by their 
immenſe Diſtance they evade the Sight as aſ- 
ſiſted with the beſt Inſtruments; but then do 
not miſtake, thoſe which are viſible to your 
naked Eye, are (in the moſt ſerene Night) but 
a few, not above three or four Hundred. 


A. No! That is a ſtrange Doctrine! Do 


not every Man's Eyes declare them innume- 
rahle? And doth not the Scripture alſo affirm 
the ſame ? 

B. I know People are not eaſily perſuaded 
to believe this new Notion of the Number of 
the Stars which are viſible, but it is founded 
on Demonſtration ; the Eye is deceived by the 
vehement Twinkling, and confuſed Appearance 
of the Stars: And as to the Scripture, it 
ſpeaketh of the Stars hyperbolically, or elſe it 
meaneth the inviſible Stars, as well as thoſe 
that are viſible; and then, indeed, they are 
numberleſs, as I ſaid before. 

A. Pray how do you know the Number of 
the viſible Stars is ſo ſmall ? 

B. By aſtronomical Obſervations for many 
hundred Years paſt, and the Catalogues which 
have been ſeveral Times taken of them. 

A Catalogues! what, I pray you, of the 
Stars? 

B. Ves, the fixed Stars have been long ſince 
regiſtered in the Records of Aſtronomy: Hip- 
parchus, the Rhodian, about 120 Years before 
Chriſt, was the firſt who made a Catalogue 
of the Stars; his contained x022 : After him, 
Ptolemy enlarged this Catalogue to 1026: U- 
lug Beight, the Grandfather of Tamerlane the 
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Great, made a Catalogue of 1017 Stars : J- 
ch determined the Places of 777 fixed Starr, 
and reduced them to a Catalogue : Kepler's 
Catalogue contained 1163: The Prince of 
Heſje's Catalogue was of 400 Stars the Je- 
fuit Ricciolus enlarged Kepler's Catalogue to 
1468: It is ſaid allo that one Bayerus had de- 
ſcribed the Places of 1725 : After this, Heve- 
lius of Dantzick compoſed a new Catalogue of 
1888: But the largeſt and moſt compleat Ca- 
talogue ever yet publiſhed of the fixed Stars, 
is that of Mr. Flamſtead, in his Celeſtial Hiſto- 
ry, which contains near three thouſand Stars; 
all whoſe Places and Situations are far better, 
and more exactly determined in the Heavens, 
than the Poſition of many Cities on Earth 
through which Travellers daily paſs *. 

A. Well, conſidering the many hundred of 
Years Obſcrvation on the Stars, and the various 
Catalogues made thereof which you have now 
related; and conſidering the moſt compleat 
contains not above 3000 Stars, tho! aſſiſted by 
the longeſt and beſt Glaſſes; I am obliged to 
acknowledge my erroneous Notion of the great 
Number of the viſible ones; and ſhall next, if 


What I have here afferted concerning the ſmall Number 
of the wi/fble5tars, and the Catalogues of them, is upon the Au- 
thority of no leſs a Man than that excellent Aſtronomer Dr. 
Keill. See his Aſironom. Lect. VI. Page 51,52, 53, 54, where 
he has theſe Words Of the 3c oo Stars in Mr. Flamſtead's Ca- 
talogue, itis ſeldom that a ver good Eye can reckon more than 
one Hundred together, And, if I miſtake not greatly, the fa. 
mous £lamf? -ad himſelf does, in his Hiſtoria Cœieſtis, poſitively 
affert, that the naked Eye cannot diſcover above 384 Stars in 
the feren:lt Night in both the Hemiſpheres. And the Reader, 
it hethioks fit to take on him the Trouble of counting the 
vißtble Stars, will need no other Reaſon to convince him of his 
Mitiake in this Matter. 


you 
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you pleaſe, aſk your Opinion concerning their 
Diſtance from us? 

B. Their Diſtance ! Alas, you can hardly en- 
quire about a Thing more unknown, or more 
incredible, than what is but imperfectly known 
thereof; however, to ſatisfy you, take the fol- 
lowing Account. The famous Hugens found 
the brighteſt and largeſt, and, of Courſe, the 
neareſt of all the fixed Stars, viz. Syrius, to be 
in Appearance 27664 Times leſs than the Sun; 
and ſince their Diſtances are greater, as their 
Magnitudes are leſſer, therefore this Star muſt 
be at the Rate of 2000000000000, i. e. above 
two Millions of Millions of Exgliſʒh Miles; 
which is ſo very great, that a Cannon-Ball 
would ſpend almoſt 7 00000zz. e. ſeven hundred 
Thouſand Years1n paſſing through it; and it is 
very probable, that all fixed Stars are equally 
diſtant from each other, in Proportion to the 
Diſtance of the neareſt of them from our Sun. 

A. What are the Grounds- of this your 
Opinion ? 

B. By the Smallneſs of their Appearance 
thro'the beſt Glaſſes, and the different Degrees 
thereof, I am induced to believe, that they are 
not only as far diſtant from each other as from 
our Sun; but allo, that each fixed Star is a Sun, 
ſurrounded by a Syſtem of Plauets and Comets, 
and thoſe again furniſhed with different Num- 
bers of Moons, all in the ſame Analogy, Order, 
and Proportions of Number, Size, and Glory, 
as we behold in thoſe of our own Solar Syſtem. 

A. O! amazing and ſtupendous Scene! Suns 


without Number, and Worlds turning up upon 
Worlds ! 


e 1 
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Worlds ! Syſtems of moving Orbs immenſely 
oreat, yet inviſible to our Eyes; all inhabited 
ad diſperſed thro' all the diſtant Realms of 
univerſal Space! I am almoſt loſt, yea, quite 
confuſed in my Conceptions; but, pray, on 


what does ſuch a glorious Hypothe/rs depend! 


B. On Ratiocination, and divers aſtronomi- 
cal Obſervations. We reaſon thus ; our Sun 
ſhineth by its own native Light, ſo do the 
Stars; ergo, they are Suns. The Sun at the 
Diſtance of a fixed Star would appear no lar- 
ger than a Sar; ergo, a fixed Star may be as 
large as the Sun. None of our Planets at that 
Diſtance could be ſeen at all ; ergo, each Star 
may have a Syſtem of Planets, tho' unſeen. 
God hath made nothing in vain / Axiom I.) 
but nothing is more vain 1 than to pretend My- 
riads of unſeen Stars were made to twinkle un- 
heeded in the unſeen, unknown Regions of the 
Univerſe; ergo, they ſeverally ſerve the noble 
Purpoſes of Light and Heat for the Planets of 
their Syſtems. As to Obſervation, it is well 
known how Stars appear and diſappear after 
certain Intervals; what can this be but the Al- 
mighty's Hand extinguiſhing old,and kindling 
new Suns? Demoliſhing old, and erecting new 
Syſtemsof Worlds? Andſuch undoubtedly was 
the Caſe of our World, and planetary Syſtem, 
in the Mo/aic Creation. Our Sun juſt made, 
would have been a new fixed Star juit appear- 
ing to an Eye in any of the neareſt Stars; ſome 
of our Comets alſo may there appear new Stars, 
when in their Aphe/ia, but in their Return to 


their Peribelia, diſappear again: Thusalſo _ 
0 


r 
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of our new Stars may be, and doubtleſs are 
Comets (belonging to ſome Sun) in theirutmoſt 
Excurſions, which upon their Return diſap- 
pear again: Theſe new and extinguiſhed Stars, 
are generally in the Galaxy, or Milky-way ; 
but why there more than elſewhere, unleſs be- 
cauſe thoſe Parts, being repleniſhed with afar 
greater Number of Suns, give of Courſe more 
frequent Occaſions of theſe Phenomena. Alſo 
it is well known, that the M:/&y-Way hath its 
Complexion from the united Luſtre of an in- 
finite Number of fixed Stars, or Suns, in thoſe 
Parts of the Expanſe, which go by that Name: 
From all this it apppears, that the Hypotheſis 
of a Plurality of Worlds is rational, worthy a 
Philoſopher, and greatly diſplays the Wiſdom, 
and redounds to the Glory of the great Creator 
and Governor *, | 


4.1 


* 1. Anew Star is ſaid to have been obſerved by Hipparchus, 
but its Place in the Heavens was not left upon Record. 
2. On November the 8th, 1572, a new Star was obſerved to 
appear in the Chair of Caſſiopeia, by Cornelius Gemma; it was 


ſeen by Tycho Brahe the 11th of the {ame Month, and in March 


1574 it became extinct. 

3. In Ann, 1640, Sept. zo, the Scholars of Kepler ſaw a new 
Star near the right Leg of Serpentarius, which gradually diſap- 
peared, and was wholly inviſible Far. 1641-2. Note, Theſe two 
appeared with the Luſtre of Vuus or Jupiter, and not as the fol- 
lowing ; and are therefore thought to be of a different Species, 

4. In the Year 1596, Aug. 3, David Fabricius gives the firlt 
Account of the Stella Maria, or wonderful Star, in the Neck of 
the Whale; which has been fince found to appear and diſappear 
periodically, its Period being feven Revolutions in ſix Years, 
and is never entirely extinguiſhed, 
| 5. In the Year 16c0, William Janſonius diſcovered another 
new Star in the Neck of the Swan. This in Time became fo 
{mall, as to be thought to diſappear entirely, till the Years 
1637, 58, andgo, when it recovered its former Magnitude ; 


but it ſoon after decayed, and is now one of the leaſt —_ 
„In 
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A. I now ſee no Reaſon to heſitate about the 
Truth of this new and noble Doctrine; which 
ſo enlargeth our View of the wonderful Works 
of infinite Wiſdom, by putting the Univerſe 


6. In the Year 1670, July 15, O. S. Hevelius diſcovered a 
new. Star, which in October was fo decayed, as to be ſcarce per. 
ceptible. In April following it regained its Luſtre, but wholly 
diſappeared about the Middle of Auguſt. In March 1672, it was 
ſeen again, but very ſmall ; fince when, it has been no far. 
ther viſible. | 

7. The ſixth and laſt new Star was diſcovered by Mr. G. 
Kirch, in the Year 1686, which returns periodically after the 
Space of 404; Days. And theſe are all the remarkable ney 
Stars for 160 Years paſt. | 

8. Thereare in the Heavens ſeveral lacid Spots, called Nebu- 
{z, from their miſty Appearance ; they appear to the naked Eye as 
a dim fixed Star, but thro' a Teleſcope they appear a broad illu- 
minated Space of Miher; in ſome of which there is aſmall Star, 
in others more. Of theſe Nebulz there are ſix diſcovered, wiz. 

9. The firſt and moſt conſiderable in Orion's Sword, at pre- 
ſent, is in U 19% ©', South Lat. 289 45/. About the Year 
1661, another was diſcovered in Androme da's Girdle. Its Long. 
is Y 24? , and Lat. N. 339 200. | 

10. The 3d was diſcovered in the Year 1665, and is in Long, 
4 3o', and Lat. S. 3? 30. 

11. The 4th was diſcovered by Dr. Halley, 1677, in the 
Southern Hemiſphere, and never riſes in Fagland. 

12. The 5th was diſcovered by Mr. Kirch, in 1681. Its 


Long. is Vf 9? ©, Lat. 172 10! North. 


13. The 6th and laſt was diſcovered by Dr. Halley, in 17143 
its Place is near M 26 30“, with 57 ON. Latitude. See the 
Phil. Tranſ. N* 346, 34", and ſeveral other Numbers. 

14. The Conſtellation called the Pleiades, or ſeven Stars, con- 
tainsno leſs than 70 or 80 Stars viſible in the Teleſcope ; and 
when I had placed a large Teleſcope againſt one of the nebu- 
lous Stars, the Glaſs was fo full ors {mall Stars, that they 
could not be numbered, From all this, I think it is perfectly cer- 
tain,that the whole Univerſe is replete with numberleſs Worlds, 
and Realms of Light of eternal Day, which are intercepted 
from our Sight by the duſky Regions of our Planetary Syſtem. 

15. See more on this Subject in Biſhop Wilkins's World in 
the Meon Fontenelle's Plurality of Worlds, Even. V. Hugens's 
Planetary Sy/tem. Mr. Derham's Aftro-Theology, Introduction; 
and various other Writers of Aſtronomy. 


4. into 
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into Signification and Harmony, and peopling 
the ſame throughout with rational Beings : 
How will Poſterity bleſs the divine Diſcoveries 
and Labours of thefe Ages, wherein the dark 
and barren Wilds and Deſerts of indefinite 
Space have been enlightened by ſuch Millions 
of Suns; ſtored and planted with ſuch Myriads 
of Planets ; and cultivated by ſuch endleſs 


Numbers of Inhabitants of every Kind ! 


THE 


THE 


EF 22 ophical Grammar: 


Or, VIEW of 


Modern Philoſophy. 


III. 


AETROLOGY: 


CONTAINING, 


I. The Philoſophy of the Atmoſphere, or Air. 
II. The Philoſophy of the nds. 

IIT. The Philoſophy of the Meteors. 

IV. The Philoſophy of cele/t:a/ Appearances. 


Explaining what is hitherto known of their Nature, Cauſes, 
Properties, and Effects. 


CHAP. 


Of APROLOGY in general, or the PH1LosOPHY 
Alk, ſhewing its wonderful NATURE, 


=_ PROPERTIES and EFFECTS. 

1 . RAY, Sir, what is the original Sig- 
=_ nification of Aerology ? 

= B. It is a Word compounded of & ng ,, 


and Acſos, a Diſcourſe; and therefore e 
a philoſophical Diſcourſe of the Air. 
A. What are we to underſtand by Air? 
B. That inviſible fluid Subſtance which en- 
compaſſeth the Earth on every Side, which con- 
tains 
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tains the Vapours, Clouds, and other Meteors, 
and in which all living Creatures breathe ; the 
whole Body of which is called the Atmoſphere. 

A. Pleaſe, Sir, to let me know why it is 
called the Atmoſphere # 

B. From the two Greek Words, &Tws a 
Vapour, and ogaipz a Sphere ; ſo that Atmo- 
ſphere, in native Engliſh, is a round Body of 
Vapours ; and ſuch is the Air ſurrounding the 
Earth, as being conſtantly replete with Va- 
pours exhaled by the Sun's Rays. 

A. What are the principal Properties of the 

Air? 
B. Theſe which follow: 1. The Air is fluid, 
yet cannot be congealed like Water. 2. It is 
pellucid or tranſparent to that Degree, as ta be 
invi/ible. 3. It may be raręſied and condenſed. 
4. It is endued with an eic Power or Force. 


5. It hath Weight or Gravity. 6. It hath proper 


Bounds or Limits, and is not znfinite. 7. It is 


neceſſary to Life, Flame, Sound, Light, &c. 
A. How do you know the Air is a Fluid? 
B. It hath all the Properties of a Fluid; is 

corporeal, heavy ; its Parts yield to any Force 

impreſſed, and are eaſily moved one amongſt 
another; it preſſeth in Proportion toits Height, 
and the Preſſure is every Way equal: It is 
evident, therefore, that it ought to be reckoned 

a Fluid. 

A. What is the Reaſon the Air is fo tranſ- 
parent, as to be inviſible ? 

B. Becauſe of the great Poroſity thereof; 
the Pores and Interſtices of Air being ſo very 
great and large, it admits the Light not only 
in right Lines, but in ſuch great and plentiful 

Rays, 


SI 
* 

_ 4 
$3 
171 
v1 
+1 
64 

4] 

N 

1 


yl 
1 
l 

| 

[] 

id 
1 | 
1 1 : 
4 
16 1 
my 
\ 1 I 
I 5 


— 
— 

_ 

* 

— 
— — 


176 The Pr1LosoPHICAL GRAMMAR, 


Rays, that the Brightneſs and univerſal Luſtre 
thereof, not only renders the Air diaphanoys, 
but entirely hinders the Opacity of the very 
ſmall Particles of Air from being at all ſeen; 
and therefore the whole Body of Air muſt 
conſequently be inviſible. 

A. You obſerved next, the Air hath the 
Property of being rarefied and condenſed ; 
pray how is this demonſtrated ? 

B. That Air may be rareſied, is proved ſe- 
veral Ways; as thus, if you take a Bladder, 
entirely empty as you think, and tie its Neck 
with a Thread, and lay it before the Fire, the 
Heat will ſo rarefy the little incloſed Air, as 
to make it extend the Bladder to its utmoſt 
Stretch, and, if continued, will break thro' it 


with the Report of a Gun: Alſo, that Air 


may be ſo condenſed by Art, as to take up but 
,\.th Part of the Space it poſſeſſed before, is 
proved by various Experiments *. 


Since the Air is compreſſed by the Weight of the incum- 
bent Atmoſphere, and the Denſity of Air is proportionable to 
the Force compreſling it, it follows by Computation, that at 
the Height of about ſeven Miles from the Earth, the Air is four 
Times rarer than at the Surface; and at the Height of 14 
Miles, it is 16 Times racer than at the Surface; and at the 
Height of 21, 28, or 35 Miles, it is reſpectively 64, 256, 
or 1024 Times rarer; and at the Height of 70, 140, 
and 210 Miles, it is about 1000-00, 1000c00080000, or 
100000-00200c0c0200; and ſo on in a geometrical Proportion 
of Rarity, compared with the arithmetical Proportion of 
its Height. NMearton's Optics, Page 342. 

loft Authors hold Air to be compreſſible in 7nfinitum. 
Feat rareſies, and Cold condenſes the Air, the moſt of any 
Agents whatſoever. | 

It has been found that Air, by the bare Force of its Spring, 
will dilate itſelfinto 13000 Times the Space it poſſeſſes under 
the Preſſure of the Atmoſphere; and fince it may be com- 
preſſed into 60 Times a leſs Space than that, it is plain it may 
poſſeſs a Space of 78-000 Times greater at one Time than 
another; for 13:00X60=780000, 

A. Pray 
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A. Pray how do you prove the Air's Ela- 
ſticity? 

B. By various Experiments of the Air Pump, 
and otherwiſe: One very plain, is thus; an 
empty Bladder, whoſe Neck is faſt tied, being 

at into the Receiver, and the external Air 
therein exhauſted, the ſmall Matter of the in- 
cloled Air will, by its own proper Spring ar 
elaſtic Force, gradually expand itſelf, and at laſt 
will ſo extend the Bladder as to break it: Thus 
alſo, the Arr compreſſed in the Vind- Gun 
will by its tic Force (being diſcharged) 
drive a Bullet through a Board at the Diſtance 
of ſeveral Yards, in the ſame Manner as with 
Gunpowder : Yea, Mr. Boyle hath found that 
Air by its Spring, or Elaſticity, will fo far di- 
late or expand itſelf, as to take up 13769 
Times a greater Space than before: 7 his Power 

of Elaſticity is as the Denſity of the Air &. 
A. Pray 


* 1. The artificial Fountain, or Jet d' Fan, is not only a ſuſſi- 
cient Proof, but a very pretty Effe# of oh Air's elaftic Force; ſee 
Fig. LIV. on Plate XII. fronting p. 15 Where the Veſſel 
ABDE has a Tube or Pipe DB fixed e and communicates 
with the internal Part or Body AB; the Part B is filled with Wa- 
ter, and the other Part A with Air, by Means of ap injecting Sy- 
ringe ſcrewed on at C. The Air thus erouded in and condenſed 
in the Part A, preſſes very hard on the Water B, and forces it up 
the Tube to D, where the Cock being turned, it ſpouts up- 
right with great Celerity, in a ſwall Stream to the Height H, 
where being broke and divided by the Reſiſtance of Air, it 
falls down in a Miſt, or Drops, like Rain. Of theſe Fountains 
divers Sorts may be found deſcribed in Authors, particularly 
in Mr. Step. Sabit er's Introd. to Nydroſtatics and Hydraulics. 

2. To this Property of Air is owing the Vacuum made in a Re- 
cei ver placed on an Air-Pamp. For when the Air contained in 
the Barrels a, a, is drawn out by the Embolie, e, the Air remain- 
ing in the Receiver 9, o, dilating and expanding itſelf by this 
Power, ruſhes through the Pipe h, h, to fill the Yacuity of the 

M Barrels, 
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A. Pray how do you become acquainted 
with the Air's Gravity ? 


B. By 


Barrels, whichis again drawn out, and the Air in the Receiver 
again dilates to repleniſh the Barrels; and by ſuch a Proceſs the 
Air is rarefied to iuch a Degree, as to cauſe moſt of the Appear- 
ances and Effects of an abſolute Vacuum; and this is indicated by 
the Mercury riſing in the Tube / by the Preſſure of external Air. 

3. 1 ſhall here take Notice of that Parumm Nature Miracu- 
lum, (as Rohault callsit) or little Miracle of Nature; Il mean the 
Lachryma ot Pruſſia or Holland, ſometimes called Prince Rupert's 
Drop, and in common, the Gla/5-Tear, See its Form in Fig. 
LV. on Plate XII, fronting p. 153. The Manner of making 
it is thus: With a Tube they take up a little of the melted Mat- 
ter of Glaſs, and let it drop thence red hot into a Pail of Water, 
by which Means it receives its Form, and is ſolid throughout, 
except that now and then a few Air-Bubbles may appear therein. 


4. This is the Nodus Philo/ophorum, or that which gives Phi- 


loſophers the greateſt Difficulty and Anxiety to account for its 
peculiar Property, which 1s, that the biggeſt Part or Head of 
the Tear A will ſuſtain the Stroke of an Hammer without 
breaking ; but if the little End or Tail B be broke, the whole 
Tear will fly into Duſt at once, with the greateſt Violence, 
and cauſe conſiderable Pain to the Fingers which break it. 

5. Some particular Circumſtances render the Drop incapable 
of this ſurprizing Property. As, (1.) If the Tear be cooled inthe 
Air, it willnot break. (2.) Thoſe which are aealed will not break. 
(3.) If they are ground away on a Grindſtone, nothing extraor- 
dinary happens. On the contrary, if it be put into an Air-Pump, 
and there broke, the Effect will be ſo great as to produce Light. 

6. Some ſuppoſe this Effect of the Tear is produced by a fine 
Air, which being pent up in the Body of the Tear, and ſuddenly 
paſſing into the open Pores of the broken Tail, runs rapidly in- 
to a thouſand ſmall Cells, which grow narrower from the Mid- 
dle towards the Extremities, which the Irruption of the Air 
drives aſunder violently by the Efficacy of its Spring and accele- 
rated Motion. See Regnault's Phil. Converſ. Vol. I. Conv. 24. 

7. Dr. Clarke's Op:nion is, that Glaſs being a ſpringy Sub- 
ſtance, it is probable the Glais Drop is broke much after the 
fame Manner as a Steel-bow ſometimes burſts in Pieces, when 
it is looſened on a ſudden, wiz. by the too great Celerity and 


Force of that Motion, which ariſes from the mutual Attraction 


of its Parts, For its Parts from the Centre to the Circumfe- 


rence ſeem to be like ſo many Bows bent. And thence perhaps 


:t1s, that after it is buiſt to Pieces, its Fiſſures are diſpoſed 
| like 
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B. By Experiments of the Air-Pump, Baro- 
meter, Sc. The Weight of the Air is greater, 
the nearer it is to the Earth's Surface : The 
Mercury, by the Preſſure of the Air, is raiſed 
in the Barometer to the Height of 28, 29, 30, 
or 31 Inches; therefore ſuch a Column of 
Mercury is equal in Weight to a Column of 
Air (of an equal Baſis) which proceeds from 
the Mercury in the Tube to the uppermoſt 
Part of the Armoſphere : Allo, becauſe Mer- 
cury 1s about 14 Times heavier than Water, 


like ſo many Radii drawn from the Axis to the Superficies, as 
Mr. Hooke obſerved in a Glaſs Drop covered over with Glue. 
Notes on Rohault's Phyſ. Part. I. Cap. 22. ad Art. 52. See 
Hooke's Microg. Obſerv. 7. and Abundance in vturmius's Col- 
legium Curioſum. 

8. The Phenomenon of the little Glaſi-Men, &c. aſcending 
and deſcending in a little Glaſs Tube of Water, (as AB, Fig. 
LVI. on Plate XIV, fronting p. 179) at the Word of Com- 
mand, which looks like a Piece of Conjuration to the Vulgar, 
15 entirely owing to the Elaſticity or Spring of the Air. 

9. For theſe Men being blowed hollow, are thereby rendered 
ſpecifically lighter than Water, and will ſwim in it; and hav- 
ing a ſmall Hole in one Foot, and a Bladder being tied over 
the Top of the Tube, as C, if this be preſſed with the Fingers, 
the included Air by its Spring will equally preſs the Water, 
which will enter and compreſs the Air in the Men, and there- 
by render them heavier in any Degree. If they are by this 
Means brought to be of equal Gravity with the Water, they 
will abide in any Situation therein; if they are rendered heavier 
by preſſing the Bladder harder, they will deſcend; then the Fin- 
gers being taken off, or the Preſſure diminiſhed, the Spring of 
the included compreſſed Air forces the Water out of the Men, 
and thus becoming lighter, they aſcend to the Top ; all which 
Motions are to be varied in any Degree of Quickne/s or Shwne/s 
the Performer ſhall pleaſe, which renders it the more ſurpribng. 

0. The Spring of the Air is of a peculiar Nature, for the 
Time of its Exertion will not alter it, as it does that of Vood or 
Stele For Mr. de Roberwal, of the Royal Academy of Sciences, 
having let his 4ir-Gun remain charged with condenſed Air ſix- 
teen Years, found, on diſcharging the Gun, that the Air's 
elaſtic Force was not at all abated, but produced the ſame 
Effect as at firſt. Hi. de P Acad. 1695. Page 368. 


1 2 therefore 


e i 4, 
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therefore Water will riſe in a Tube to 32 or 
33 Feet in Height; and therefore every Square 
Foot in any Superficies ſuſtains the Weight of 
a Column of Water of 32 or 33 ſolid Feet: 
Now a Cubic Foot of Water weighs about 63 
Pounds, hence the Weight of Air on every 
ſuperficial Square Foot, is above 2000 Pound 
Weight *. A. And, 


* 1. By the Gravity of the Air we receive ſome of the greateſt 
Advantages of Life; particularly from thence is deduced the 
Invention and Conſtruction of the moſt uſeful Inftruments, En- 
gines and Machines, uſed in all Kind of Fire and Water-works, 

2. From thence ariſes the Uſe and Power of that moſt neceſ- 
ſary Engine the Autlia, or Pump, which is ſaid to be the In- 
vention of Cze/ebes, a Mathematician of 4/:xandria, about 120 
Years before Chri/?. Of theſe there are many Sorts; the com- 
mon and moſt uſetul one conſiſts of a Pipe AB (fee Fig. LVII. 
on Plate XIV, fronting p. 179) open at both Ends, of which 
the End B is ſet in Water; toward the lower Part at C is placed 
a Clack or Valve, opening upwards; in the Part of the Tube 
above works a Piſton ED juſt as big as the Bore of the Tube or 
Pipe, in which alſo1s a Valve opening upwards; this Part D 
is called the Bucket. 

3. Now the Reaſon of the Pump's Performance is plain; for 
when the Piſton 1s forced down, ſo as that the Bucket D may 
touch the Frame of the Valve at C, and Water be poured in to 
fill the upper Part from A to C; then if the Piſton be raiſed 
from C to D, it will lift up a Column of Water equal to the 
Part of the Pipe between C and D, which therefore muſt run 
out at the Spout of the Ciſtern at A. 

4. Alſo at the ſame Time there is a Vacuum made between C 
and D, which is immediately filled by the Water ruſhing through 
the Hole at C, by the Force of the Preſſure of the Atmoſphere on 
the Superficies thereof without the Pipe. The Piſton being 
again thruſt down, the Water between C and D goes through 
the Hole of its Bucket, and cloſing the Valve with its Weight, 
is raiſed into the Ciſtern where the Piſton is drawn upwards, 
and there runs out as before, and thus the Action of the Pump 
may de continued in raiſing Water as long as you pleaſe. 

5. On the Gravity and Elaſticity of the Air together, depends 
the Theory of the Fire-Engine in common Uſe. But this bas 
been improved to produce a continual Stream in the Manner 
as repreſented in Fig. LVIII. on Plate XIV, fronting p. 179, 
which I ſhall here deſcribe. AB is the Frame or Body of the En- 
gine; CC is a ſtrong metal Veſſel, which is eloſe on es 

ut 
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A. And, pray, what do you infer from 
thence f 


B. Why thence it appears, that if we allow 
the whole Surface of a Man's Body (of fix Feet 


Stature) to be about 14 ſquare Feet, then the. 
Weight 


but communicates with two forcing Pumps, or Barrels D and 
E, at the lower Part; whoſe Piſtons are worked with a com- 
mon double Lever FG moving to the Centre H ; the Engine 
is filled with Water ſtrained through the Grate NN, which by 
the Preſſure of the Atmoſphere is forced into the Barrel D and 
E, when the Piſtons are raiſed up, and a Vacuum thereby made 
in them in working the Engine. 

6. In the preſent Figure, the Sucker in the Barrel D if drawn 
up, and the Water ruſhing in through the Valve at K, while in 
the other Barrel E, the Piſton is forced down, and the Water 
forced through a {mall Paſſage againſt a Valve L, which 
opens and gives it Admittance into the large Veſſel CC. 

7. The Water being thus forced into the faid Veſſel continu- 
ally by the alternate Action of the Piſtons, does violently com- 
preſs the Air in the upper Part of the Veſſel at O, which by 
its Spring re- acts on the Surface of the contained Water, and 
forces it to aſcend the Orifice of a ſmall Tube P fixed to the 
Side of the Veſſel ; the upper End of this Tube communicates 
witha long leathern Pipe Q aſſixed thereto at O, through the Top 
of which, at R, the Water ſpouts with great Force in a continual 
Stream, which is directed by a Perſon at 8, to the Fire, or any 
other Place, as Occafion requires. All which 1s plain in the 
Figure which I have taken from Mr. Clare's Plate III. in his 
Motion of Fluids; though I have ſeen a much better Con- 
ſtruction of this Engine by an Artificer in this City; and wiſh 
had a Draught of that to preſent inſtead of this. 

8. On this Principle it is, that the Mercury or Quickfilver riſes 
to the Height of near 31 Inches in the Barometer; for the Preſ- 
ſure of the Atmoſphere forces ſo much Quickſilver into the Va- 
cuum of the Tube as will counterbalance its Power, as is evident 
from the Conſtruction of this Inſtrument in Note ft in Page 23. 

9. The Syphon or Crane has from hence allo its Uſe ; ſee Fig. 
LIX. on Plate XIV, fronting . 179. For the End A being 
immerſed in a Veſſel of Water, if the Air be exhauſted from 
the Syghen at the Pipe D, the Water in the Veſſel, by the Preſ- 
{ure of the Air on its Surface, will inſtantly riſe and fill the Ca- 
vity of the Syphon : Now if the other End of the Syphon were 
at C in an horizontal Level with the End A, then the Preſſure 
of the Air on each End would be equal, and conſequently the 
Water would be ſuſtained in the Tube without running out at C. 
M 3 10. But 
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Weight of Air preſſing on the Body of ſuch a 
Maa 1s equal to 28000 Pouuds, or 250 Hun- 
dred Weight; that is, 12 Ton and a Half: Alſo, 
fince the Number of ſquare Miles on the 
Earth's Superficies is computed 199250205, 
and in one ſquare Mile are 27878400 
ſquare Feet, the ſquare Fect on the 
Earth's Superficies will be ſomewhat above 
5547800000000000; whence the Weight of 


10. But fince the Part BE is fonger than the Part BA by the 
Length CE, and the Cylinder of Water CE being far more 
heavy than the ſame Cylinder of Air, it 1s plain the Preſſure of 
the Air, or its Effect at the Point C, is thereby very much 
weakened and abated, and therefore the Equilibrium in the 
Point B being thus deſtroyed, the Water will run over and flow 
towards E. 

11. By the Preſure of the Air it is that Water in Reſervoirs 
is forced to enter the Conduit Pipes, and is thereby carried to 
any Conduit, Houſe, or other Place, below the horizontal Le- 
vel of the Surface of the Water in the Re/erworr or Fountain, 
be the Diſtance what it will. | 

12. The Fire rarefying and attenuating the Air in the Chim- 
nies, cauſes it toaſcend the Funnel, while the Air in the Room, 
by the Prefure of the Atmoſphere, is forced to ſupply the Va- 
cancy, ruſhes into the Chimney in a conſtant Torrent, excites 
the Fire to burn with great Vehemence in Stoves, and buoys 
up the Smoke aloft in the ſuperior Air. 

13. Nor does that common Utenſil, the Belloaus, act on any 
other Principle than the Preſre of the Air; for the upper Part 
being lifted up, raifes the Column of Air off the bottom Part, 
and thus making a Vacuum within, the Air ruſhes in through 
the Hole in the lower Part, and being compreſſed by forcing 
down the upper, it ſhuts cloſe the Valve within, is protruded 
with great Force and Violence through the Pipe or Noſe of 
the Bellows, See a Calculation of this Kind in Mr. Hales's 
Statical Eſſays, Vol. II. Page 329, 330. | 
14. The laſt Effect of the Air's Grawity l ſhall here mention, is 
the molt important of all, as being the immediate Inſtrument of 
Life, I mean the Acts of In/+:ration and Expirationin Animals; 
forin the Dilatation ofthe Thorax, the Air by the Preſure of the 
Atmoſphere is forced into the Cavity of the Lungs, which 
we are then ſaid to breathe in, or inſpire; but when the Muſcles 
contract, the Air is expelled, and we are then ſaid to breathe it 
out, or expire it. And this alternate Action of the Lungs is main- 
tained by the 4ir's Preſſure, and is abſolutely neceflary to Lite. 


the 
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the whole Atmoſphere, or its Preſſure on the 
Superficies of the whole Earth is more than 
1109 50600000000000000 Pounds, or much 
about 5000000000000000 Tons; that is, 
the Atmoſphere compreſſeth the Earth with a 
Force, or Power, nearly equal to that of Five 
thouſand Millions of Millions of Tons. 

A. This is extremely wonderful! But, pray, 
how happens it that Man, Beaſts, Houſes, 
Sc. are not cruſhed to Pieces, iſ they are preſ- 
ſed with ſuch an intolerable Weight of Air? 

B. By the Equilibrium of the internal Air, 
or the Air within all Bodies; which though 
it be ſmall, and not worth naming, yet can 
balance, reſiſt, and equiponderate the Force of 
the external Air, (as is proved by various Ex- 
periments) how great a Quantity ſoever it be: 
The Experiments of the Air-Pump which 
confirm this are very ſurpriſing. 

A. T think, Sir, all you have ſaid of the 
Weight and Gravity of the Almoſphere, or 
Air, is full of Aſtoniſhment; can you tell 
any Thing of the Height fit? 

B. Nothing certainly can bedetermined about 
that, becauſe the higher you go, the rarer the 
Air is; and there being no certain Means to 
determine in what Proportion the Air becomes 
rarer and rarer through the whole Extent there- 
of, there can of Courſe be no preciſe Account 
of its Altitude: However, they compute the 
Air at the Height of 42 Miles, to be 4096 
Times more rare, or thin, than with us; and 
this being next to nothing, the Height of the 
Air may be reckoned about 40, or 45 Miles. 

M 4 Agrecably 
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Agreeably hereto, Dr. Keill hath calculatec 


its Height to be 44 Miles by an Obſervation 


of the Twilight &. 
A. Pray what other very remarkable Pro- 
perties hath the Air? 


B. It is not only the Means, but as it were 


the Matter of Life it/elf, and therefore abſo- 


lutely neceſſary. 

A. How do you ſhew it to be the Means 
of Life:? 

B. By putting certain Animals into the ex- 
hauſted Receiver; where it is ſurpriſing to ſee 
the Effects of withdrawing the Air by the 
Pump on the Bodies of thoſe Creatures: You 
will thus ſee Dogs, Cats, Rats, Mice, &c. turn 
up and expire in half a Minute, and look ex- 
tremely thin and meagre: A Mole dieth in one 
Minute: Injefts, as Waſps, Bees, Hornets, 
Graſhoppers, &c. in two Minutes ſeem dead; 
and will continue a whole Day and Night 
without Air, and afterwards revive in open 
Air: Earwigs, Beetles, Snails, &c. endure 
the Air- Pump prodigiouſly; and Frogs will 
longer preſerve their Lives in Vac, than 
Toads; yea, thoſe inviſible Animalcules in 
Pepper-water, will revive in the open Air, 
after having lain 24 Hours in YVacuo +. 

A. It muſt be curious, indeed, to ſee thoſe 
artificial Deaths and Reſurrections in mute 


See his Aſtronom. Lect. Page 235, 235 

+ See Mr. Derham's Phy/ico- 7 heolegy, B Book I. Chap. I. in 
„the Notes. Mr. Dawernpert's Deſcription of bis Table Air-Pump, 
Mr. Hao ee's, Grawve/ande's, &c. Experiments. Sturmius's 


Collegium Curigſum. Stairit Phy/cl. Exper. Explor. 14. Sect. 11, 
125 13. 14, Ec. 


Animals! 
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Animals! But how do you underſtand Air to 
be the Matter of Life? 

B. It is certain Air is impregnated with a 
viviſying Spirit, or Matter, which is imme- 
diately neceſſary to Life; and that this vivz/y- 
ing Spirit is znflammable, or proper to feed 
Fire, and capable of being burnt or conſumed 
thereby; for it is known by Experiment, that 
no Creature will live, nor a Candle burn, in 
Air which hath paſſed through the Fire, and 
may be called aduſt, or burnt Air. 

A. Is the Air alſo of Service to Vegetables 
and Plants? 

B, Yes, in as much as there is a manifeſt 
Reſpiration in Plants and Trees, on which their 
vegetable Life depends, and is preſerved; this 
is known by numberleſs Experiments “. 

A. Hath not Air an Effect on Bodies which 
tends to diſſolve them ? 

B. Yes, the Air hath the Faculty of a Men- 


ſtruum, or a Power of diflolving Bodies: It will 


reduce Cryſtal-Glaſſes to a Powder in Time; 
ſo divers Minerals, Earths, Stones, Foſſil- Shells, 
Wood, Sc. which, perhaps from Noah's Flood, 
have lain under Ground ſecure from Corrup- 
tion; yet, being expoſed to the corroſive Qua- 
lity of the Air, have ſoon mouldered away; ſo 
Iron, Steel, Copper, &c. may be ſoon diſſolved 
into a Ruſt, Sc. But ſuch things are too 
common to be inſiſted on, or to want Proof. 


See Mr, Hales's Vegetable Statics throughout. Borelli de 
Mot. Animal, Mr. Millar's Gardener's Dictionary, Folio. Dr. 
Grew's Anatomy of Plants. Joan. Clerici Phyſ. Lib. IV. Cap. 
1, 2. or an Abridgment of all in my Philolog. Library, under 
the Ticle Botany. 

4 


* 
7 
'Y 


1 
4 


r 


186 The PniL.osSoPHICAL GRAMMAR. 


A. T have heard you make out already how 
Air is the Means of Sound; but, pray, what 
Advantages of Light and Viſion accrue thereby? 

B. Very great (perhaps greater than you 
may be yet appriſed of) are the Benefits and 
Advantages of the circumambient Air in theſe 
Regards: For it were it not for the Rarefac- 
tion of the Atmoſphere, the Heavens by Day 
would have the Appearance of Night; the 
Stars, even the ſmalleſt, would appear and 
twinkle; the Sun indeed would appear a great 


Light in that Part of the dark Firmament 


where it was; but thould a Spectator turn 


his Back to him, he would ſee all Night, and. 


Darkneſs ſurround him at Noon-tide. Secondly, 
The Sun at riſing and ſetting would have the 
{ame Brightneſs and Luſtre as at Noon-day, 
and ſo would be hurtful to our Eyes. Thrrdly, 
As ſoon as the Sun deſcended the Horizon, 
we ſhould be in total Darkneſs, and a cloudy 
Night would then preſentus with the blackeſt 
Darkneſs poſſible. Fourthly, As we ſhould 
have no Twilight by Night, nor ſhining Luſtre 
of the Firmament by Day, ſo we ſhould want 
that Advantage we now enjoy, of not only 
being bleſſed with the Light of the Sun when 
abſent, but even of the actual Appearance 


of the Body of the Sun himſelf, each Day, 


before he riſeth, and after he ſetteth. 
A. What, I beſeech you, Sir, do you ſup— 


pole we can ſee the Sun when he is 3 un- 


der the Horizon? 
B. Yes, we do, for the Space of ſome Mi- 
nutes each Day. 


A. Pray, 


. 


n 


n = * F — 
uu [ 
* 0 o b = 
a © : hk 
as 


4. 


T_T 


Lode 


» 


LoffronePage 18 7. | | Ws 


: 
: K 
; 
; | 1 
— 1 1 
= b N Fig . : 
p — — ; 8 8 — —— 
* 7 MIDIID 
1. * 9, 
Al 
i UT ů —— 
U by / 
. / a 
A lit 
Y 2 hs 
3 Ml . 
' Rs 4 
% 6 _—_ DUH, 
| i enen 1 
Wan Tana 10 1 1e "UA 
WNW KAR WITT eee, UUTUTHINUN ſ‚7 
8 eee, Nepp | fert 
- 10 | Uulpbyliiy DUTOU AMITUQNT MU VLLLL D—_ 
' N amd A 
. ͤ v.. 
| Page 9 
* 
4 bs — - 
D * Ig 2 2 
* 2 %, *% / or py 75 
oo «ai ML 1 ** 
* WOO Mr „ 
„ JN WAA N MHHTT 44 114,91 4 
_ ILY NUN VOOR 
2 r NN WMI Fl HY, L114 M1 #5, % 
_ INNNNN NSN 75777779 e 
* * NN Nd WIN | N. e, 4,4; % 
> , i - - 
= O ante! 
. 4 JD N * i LF) — 575 7 AAP COLES «. 
Z _ ——— = = d 4,4 SA 4 
— DN W : = E= . 
8 — % — — 
5 DDD = ,, 
* N . e — a 
1 . — 1 IJDRDD % 4 2 — Ca 
%] + 7's — — — - — — —_ PP - 
4 2 >» D . — — Pee” 2 
j « VURDISO a — —— — 
| f SDS EEE 
. — —__ — —— — — — 
* = IDIEES 2 — 
* ==> — 222222 — * 
1 = EEEEES ===q=q . MM 
| $3 ZEESSS ==: Hig XI. 
1 —S . > x. >" > a a ——_—_  — —— 
*. 22 — — : 
72 — —— 2222 —— — 4 
. 22 —— —ůä — P e 187. 
"= 222 2 —— 9 7 
3 — — 
= — —— 
r _— > =” 222 > "Ou 
| * r SIQSTmumnw 
3 5 7 _— — . LEIGH £4 DRRRYS JZ 
Sl Co ns | IDS 
= 3 8 Woes V Dede 
1 CI, — Joy. J % ar 
: 8 , / j e D 
oF : 555559 . ti e ede 
* . ee, 7 77 77 4 aun fi WS IG Ce 
| . 2 / " 
* FLA 4% e WY \ "C3 IB 
. AA Man A Wee 
WS "14 11,417 / NM WV Wh 
Dont bk an! HH s s 
| by 77 / / | \ * 
i = ; tan 
5 5 2 * 
4 


n 


The wonderful Advantages of the Air. 187 


A. Pray, Sir, if poſſible, let me underſtand 
how this can be by a Scheme? 

B. I will, and you may very eafily appre- 
bend the Truth of this Afertion (though 
ſtrange) from thence, provided you remember 
what I ſaid of the Reflection and Refraction 
of Light, when we diſcourſed on that Subject. 

A. Ido rememberit very well; pray proceed. 

B. Then pleaſe to caſt your Eyes on Fig. 
XX VI. on Plate XV, fronting p. 187, which 
repreſents the Earth ſurrounded by its Atmo- 
ſphere : Now let HO be the Horizon of a Per- 
ſon at P, S is the Sun really under the Hori- 
zon, from which a Ray of Light SI proceeds, 
and falls on the upper Part of the Atmoſphere 
atI; this Ray, by the thicker Medium of the 
Air, is bent from its direct Courſe to D, into 
the oblique one IP, and lo ſtriketh the Spec- 
tator's Eye; the Spectator then will fee the 
Sun in the Direction of this refracted Ray PI, 
viz. at R, which is above the Horizon: And 
thus at ſome Times of the Year, we ſee the 
Sunabove the Horizon near io Minutes, whilſt 
It is really below it on one Day taking the 
Morning and Evening together; at a Medium 
it is 6'% each Day throughout the Year, which 
is as good as 3+ equinoctial Days in one 
Year; which is almoſt a whole Year's Sun- 
ſhine in a Century more than we could other- 
Wile have had. 

A. Sir, I perceive it very plainly, and give 
you abundance of Thanks * 


CHAP. 


* See large Diſccurſes on this copious Subject in Boerhaave's 
Chymiſtry, Pa rt J. Page 277 to 304; with Dr. Shaw's Notes 
thereon, 
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CHAT, 1h 


ANEMOGRAPAY, or the PHILOSOPHY of the 
Winps. | 


A. OW do you derive the Word 
Anemography # | 

B. From the two Greek Words 2: no, 
Wing, and yoagn, a Deſcription ; it therefore 
ſignifies a philoſophical Deſcription of Winds 


in general. AS EE! 

A. What is the Wind ? 

B. Wind is nothing but a Stream or Tor- 
rent of Air, as a River is a Stream or Torrent 


of Water. 


A. What Diſtinction do the Philoſophers 
make of Wind ? 


B. My Lord Bacon diſtinguiſhed Hinds 
into four Kinds, vz. 


1. General J/::4s, which always blow from 
the ſame Quarter. 


thereon. Mr. Clare's Motion of Fluids. Neavton, Principia Ma- 
them. Phil. Naturalis, paſſim. J. Rohaulti Phy. Part. III. Cap. 2. 
cum Annot. Dni Clarkii annexis. J. Clerici Py. Part. II. Cap. i. 
Stairii Phyſ. Exper. Explor. 19. Caſp. Bartholeni Specimen Phi- 
40%. Nat. Cap. 12. Mr. Boylie's Memoirs for a general Hiſtory of 
the Air. Mariotte de la Nature de Þ Air. Regnault's Phil. Conv. 
Vol, I. Con. 2, 22, 23, H. Miſſehenbrocf's Epitome, Part II. 
Cap. 22. Grave/ande's, Dejaguiiers's, Hawkſbee's, Worfter's, &c. 
Courſes of Experimental Philoſoph. Cheney's Princip. of Philo. 
Part I. Cap. 5. Sect. 28. Relig. Philoſopher, Vol. I. Contemp. 
17. Mr, Derham's Phy/ico- h. ology, Book 1. Cap. 1.Dr. Hales's 
Vegetable Statics and Hæmaſtatics. Mr. Millur's Gardener's 
Dictionary, Folio. Chamberss Pictionary, and Harris's Lexi- 
con, under the Words Air and Aimaſphere; and a great Number 
of other Authors quoted and referred to in Mr. Fla Phi- 
loſ. Queitions, from Page 84 to 92 ;and the Philo, Tranſactions. 
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Of general Trade Winds. 189 
2. Stated Vinds, which blow only certain 
geaſons from the ſame Point. 
. Servile Minde, which regard the Region, 
Time, Seaſon, Ec. 
4. Liberal Winds, which blow indifferently 
any where, or any how. 


But this is not ſo natural as the following 
Diviſion of Winds, viz. 


General, or coaſting Trade Winds. 
2. Periodical, or ſhifting Trade Winds, 
called Mon ſoons. 
3. Common, or caſual Winds, the ſame as 
the foregoing liberal Minds. 


A. What are the different Qualities of Mind? 
B. They differ (ſaith my Lord Bacon not 
much more in the Points from which they 
blow, than in the Qualities with which they 
are diverſified ; for ſome are violent, others 
gentle; ſome are cold, others hot; ſome are 
conſtant, others mutable ; ſome moiſten and 
diſſolve, others dry and thicken ; ſome gather 
rain, others are tempeſtuous and diſpel it; and 
others are ſerene and ſmooth. 
A. Pray, what are the Cauſes of Wind ? 
B. Any Thing that can deſtroy the Equili- 
briutn of the Air, and by acting on ſome Part 
with a greater Force, putting it into an Agt- 
tation, produceth ſuch a Stream or Current 
of OF, as we call J/ind. 
This is ſo very general an Account, as 
gives me but a little more Notion of the Thing 


than I had before 


B. In 


* FAN j 
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B. In all Caſes we cannot be acquainted 
with Particulars ; however, it is pretty certain 
that divers Things, as Eruptions of Vapours 
from Sea or Land, Rarefactions and Conden- 
ſations in particular Places, the Fall of Rains, 
Preſſure of Clouds, &c. may alter the Equi- 
poiſe, or Balance of the Atmoſphere, and there- 
by cauſe Vinds more or leſs : Beſides, ſeveral 
Caves, and ſome great Lakes, emit or fend 
forth ind; but the moſt general Cauſes of 
Wind are Heat and Cold, as is manifeſt from 
the general and periodical Trade Winds between 
the Tropics, and thereabouts. 

A. Pray, what are thoie Minds you call ge- 
neral Trade Minds? 

B. Such as blow conſtantly all the Year long 
from one Quarter ; as from the N. E. or about 
the North-Eaſt, on the Nortb-S:ide of the 
Equator to 30 Degrees Latitude; and from the 
8. E. or about the Souzh-Eaff, on the South- 
Side of the Equator to about 30 Degrees La- 
titude in the Atlantic Ocean, Ethiopian Sea, 
the Indian Ocean, and great S:uth-Sea : Thele 
Winds, for your better conceiving them, I 
have repreſented in the Map adjoined, by 
dark Lines in the aforeſaid Atlantic, Ethiopic, 
and Indian Seas; in which you will ſee divers 
Arrows ſhewing the Courſe of thoſe Minds. 

A. This, Sir, is very helpful, and maketh 
the Thing eafier than your very Words can 
do : But doth the Wind blow conſtantly in 
thoſe various Courſes and Directions, thewn 
by the Arrows, within a ſmall Diſtance of the 
Coaſts of Africa Weſtward ? 


© 
— 


B. Yes; 


Of the ſhifting Trade Winds, or Monſoons. 191 

B. Ves; they are called the general coaſting 
Trade Winds, and always blow on the Points 
the Arrows ſhew. 

A. But what is the Meaning that I ſee in 
the Map ſeveral Arrows in clear void Spaces, 
ſome pointing one Way, and others the con- 
trary quite, with the Names of the Months 
abbreviated fixed to them ? 

B. I will inform you: It is in the Arabian 
Sea, the Bay of Bengal, the Chineſe Seas, by 
the Eaſtern Coaſts of Ajric, and to 10 De- 
grees of South Latitude in the Indian Ocean, 
that you find theſe contrary Arrows ; and in 
thoſe Parts you muſt know the HVind blows 
one half of the Year one Way, and the other 
Half the contrary Way: Theſe are called the 
periodical or ſhifting Trade Winds, which the 
Sailors call the Mon/90ns. | 

A. Then, I ſuppoſe, as the Arrows in thoſe 
ſeveral Places ſhew the various Courſes of the 
Monſoons, ſo their Times of ſhifting or chang- 
ing their Points, are denoted by the Names 
of the Months athxed thereto. 

B. Yes, they are, and therefore all thoſe, 
who ſail in theſe Seas, are obliged to obſerve 
the Seaſons proper for their Voyages, and in 
ſo doing they fail not of a fair Wind, and 
ipeedy Paſſage. 

A. How do you account for ſome Winds 
blowing always one Way, and others on con- 
trary Points, in equal Periods of Time? 

B. The moſt ſagacious Dr. Halley (the Au- 
thor of all the preſent Philoſophy of Vin 
gives this Account thereof, vg. That, accord- 

ing 
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ing to the Laws of Sfatics, the Air which is 
lets rarefied and expanded by Heat of the Sun's 
Beams, and conſequently more ponderous, muſt 
have a Motion towards thole Parts thereof, 
which are more rarefied, and leſs ponderous, 
tobringitto an Equilibrium, or Balance. And, 
2. That the Preſence of the Sun continually 
ſhifting to the Weſtward, that Part towards 
which the Air tends, by Reaſon of the Rare- 
faction made by his greateſt meridian Heat, is 
with him carried Jeftward; and, conſequently, 
the Tendency of the whole Body of the lower 


Air is that Way: And thus ageneral Ea/t-Wind 


is formed in the Atlantic and great South-Sen, 
perpetually blowing Weſtward. 

A. But, I obſerve, by the Arrows, thoſe 
Winds decline from the Eaſt, Northward, on 
the North of the Equator, and Southward, on 
the South-Side: Pray how happens that ? 

B. Becauſe near the Line, the Air is much 
more rarefied than at a greater Diſtance from 
it Northward and Southward; wheretore the 
Air being towards thoſe diſtant Parts leſs rare- 
fied than in the Middle, will conſequently 
tend from the North and South to the Equa- 
tor, and ſo become N. E. and S. E. Winds. 


A. But why are not thoſe Minds as univer- 


ſal in the Arabian, Indian, and Chineſe Scas, 


and other Parts between the Troprcs, which 
have the ſame Situation to the Sun, as the At- 
lantic, Ethiopic, or great South Ocean? 

B. The Reaſon hereof is, undoubtedly, ow- 
ing to their being ſurrounded by ſuch great 
Unntinents f which break the Continuity of the 

5 Oceans; 
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Oceans; and from the Nature of their Soil, and 
the Poſition of high Mountains, produce thoſe 
ſeveral Variations "of the Vind in thoſe Places: 
Thus, the YYiads ſet in upon the Land, even 
from Weſtward, on ſome Parts of Guinea ; be- 
cauſe the Soil being ſandy, reflects prodigious 
Heat, which greatly rarefies the Air, and mak- 
eth the more cold, and denſe, tend thither 
from the We/tern Sea to reſtore the Equilibrium, 

A. And; pray, how is the ſudden Change of 
the ind to oppoſite Points, accounted for in 
the periodical Winds, called the Monſoons ? + 

B. Thus: The cold and denſe Air, by Rea- 
fon of its greater Gravity, preſſes upon the hot 
and rarefied ; and therefore the rarefiedAir muſt 
aſcend in cohrinued Streams as faſt as it rarifies, 
and being aſcended, it muſt diſperſe itſelf to pre- 
ſerve the Equilibrium ; and thus, by a contrary 
Current, the upper Air muſt move from thoſe 
Parts where the greateſt Heat is, and ſo, by a 
Kind of Circulation, the N. E. Trade Vind be- 
low will be attended with a S. W. Wind above, 
and the S. E. with a N. W. above. Now becauſe 
the Air coming out of the N. E. over vaſt Conti- 
nents of Land (which, when the Sun is North- 
ward, are intolerably hot; but more cold and 
temperate, when the Sun is at the Southern Tro- 
pic) into the Indian Sea, is ſometimes hotter, 
and ſometimes colder, than that whereby this 
Circulation is returned out of the S. W. by Con- 
ſequence, the under Current of Air is onè while 
from the N. E. and another while from theS. W. 

A. Do not the Seaſons help to determine 
ſomewhat of this Matter, in which thoſe Chan- 
ges happen! N B. Ves; 
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B. Yes, they plainly confirm what I have be: 
fore ſaid ; for in April, when the Sun begins to 
warm thoſe Countries to the North, the S. W. 
Mon/oons begin, and blow during the Heat till 
October; when the Sun being retired, and all 
Things growing cooler Northward, and the 
Heat increaſing to the Saut b, the N. E. Winds 
enter, and blow till April again: But yet, why 
the Monſoons change here, and not in the 
Etbiopic Ocean; and alſo why the Limits of 
the Trade Vinds are fixed to about 30 Degrees 
of N. and S. Latitude, is not fo well to be ac- 
counted for; and therefore muſt be left, with 
feveral other Intricacies of this Nature, to the 
Diſquiſition and Diſcovery of ſucceeding Ages. 

A. Well, ſo much then for general and 
periodical Trade Minds; have you any Thing 
farther to obſerve of the common and variable 
Winds, incident to all Points and Places? 

B. Ves, a few Things touching their Qua- 
lities, Velocities, and Extent or Limits. 

A. What do you obſerve of their Qualities? 

B. That thoſe Minds are dry and cold, which 
eontain the leaſt Quantities of Vapours; thoſe 
Minds gather and generate Clouds, which carry 


with them great Quantities of Vapours; thoſe 


Winds are hot, which blow from off hot Re- 
gions; and cold, which blow from cold ones; 
thoſe are the moſt violent, which are agitated 


by the greateſt Force; and the contrary *. 
A. And 


®* See much more on this Subject in Dr, Halley's Hiſtorical 
Account of the Trade Winds and Monſoons in Philoſ. Tranſact. 
No 183. Lord Bacoen's Hiſtory of the Wind. Bohun's Diſcourſe 
on the Origin and Properties of the Wind, Clare's _ - 
we 
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A. And, pray, what is diſcovered of the 
Velocity of Wind? _ | 

B. It is found by Experience, that the Ve- 
locity of Wind, in a great Storm, is not more 
than 50 or 60 Miles an Hour; and that a 
common briſk Mind moves 15 Miles an Hour; 
and ſome are ſo ſlow as not to move one Mile 
an Hour. 

A. In the laſt Place, what do- you obſerve 
of the Extent, or Limits, of the Wind ? 

B. That it is very uncertain, and little 
known, unleſs of the aforeſaid Trade Winds : 


The moſt we know of common Winds in their 


Uſe, is in cooling and cleanſing the Air from all 
poiſonous Contagions, and peſtilential Exhala- 
tions; and thereby keeping it always pleaſant, 
pute, and healthful; whence appear their ab- 
ſolute Neceſſity to animal Life, and Conſerva- 
tion of the Univerſe. 


HA R. Mk 


MEeTREOROGRAPHY, or Yhe Pflloser HY 
or METEeRS in general, viz, VAPOURS, 
Fos, MisTs, CLoups, Rain, Hail, 
SNow, FROST, Io, TyuunDER, LIGHT. 
NING, IG6nis FaTuus, or JACK IN A 
LanTHORN, FivinG DRaGons, and 


ſuch like. 


A. I Pleaſe myſelf with the Thoughts of con- 
verſing on Subjects, now very pleaſant, 


Fluids, Page 237 to 240, and 248 to 265. - Rowning's Comp. 


Syſtem, Part II. Diſſert. 5. And almoft all the Authors re- 


ferred to in the laſt Note. 


N 2 and 
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and curious, ſuch as what you call the Doctrine 
of Meteorography; but before we proceed, pray 
let me know what is the true and proper Mean- 
ing of the Word Meteor ? 

B. The Greek Word ue , Meteoron, is 
compoſed of uelz, beyond, and dig, to lift up 
aloft; and therefore a Meteor implies that 
which is elevated aloft beyond us in the Air, 
as Clouds, Lightning, &c. 

A. How many Kinds of Meteors do you 
reckon ? 

B. Some diſtinguiſh them into three Sorts, 
fery, airy, and watery. 

A. Which do they call fery Meteors ? 

B. Such as are compoſed of a fat ſulphureous 
Exhalation, kindled by the nitrous Quality or 
Subſtance of the Air; and do then exhibit the 
Appearance of Light and Fire in the Air, as 
Lightning, Flying Dragons, &c. 

A. What are thoſe called airy Meteors? 

B. The Wind, and its divers Kinds; but pro- 
perly ſpeaking, the Wind 1s no Meteor at all, 
nor are there any Meteors which conſiſt merely 
of Wind. 

A. Pleaſe to recount me thoſe you call wa- 
tery Meteors. 

B. They are ſuch as conſiſt of Yapours, and 
watery Particles, which are ſeparated from one 
another, and raiſed by the Sun's Heat, and be- 
come modified in the Air into various Forms, 
as Mijts, Clouds, Rain, &c, in abundance. 
A. Which do you hold it will be moſt na- 
tural to begin a Converſation withal, of thoſe 
ieveral Sorts of Meteors 2 


B. It 
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B. It will certainly be moſt natural to begin 
with watery Meteors. 

A. Well then, to make a Beginning, I ob- 
ſerve you ſaid thoſe Meteors originally conſiſt 
of Vapours ; pray, what are they ? 

B. Vapours are a Company of aqueous or 
watery Particles, ſeparated from the Surface of 
the Water, or moiſt Earth, by the Action of 
the Sun's Heat; whereby they are ſo far rare- 
fied, attenuated, and ſeparated from each other, 
as to become ſpecifically lighter than the Air, 
and conſequently, they: riſe and float therein ; 
and thus, any Kind of Heat or Fire may cauſe 
Papours *, 

A, Pray 


* The Manner in which Heat raiſes the Particles of a Fluid 
into the Air, or which is the ſame Thing, makes it ſpecifically 
lighter than Air, 1s a great Difficulty with Philoſophers, who 
have taken Pains to invent many Hypotheſes for the Solution 
thereof, which may be all ſeen, with their particular Confuta- 
tions, in Mr. Rowning's Comp. Syſtem, Part II. Diſſert. 6. 
and the Author himſelf declines giving any Account thereof on 
the Principles of the preſent Philoſophy. 

But as it is no ſmall Diſparagement to the Atomical or News 
tonian Philoſophy to ſuggeſt its Inſufficiency to account for the 
Formation, Riſe, and Reſolution of Vapours into Rain, | think it 
proper to propoſe the following Queries in Behalf thereof, (1.) 
Does not the received Philoſophy teach—That Fluids conſiſt of 
Particles which touch but in few Points, and are united by the 
Attraction of Coheſion ? (2.) That Heat is Fire, and that the 
Particles of Fire are in a conſtant and violent Agitation and State 
of Motion among themſelves? (3.) That, fince the Power of 
Cohefron is known to be leſs than the Power or Force of Action 
in the igneous Particles, theſe Particles muſt divide, ſeparate, 
and propel the Particles of the Fluid every Way from each other : 
and therefore, (4) May not thoſe Particles of the Fluid, which 
lie in the Surface, be driven upwards beyond the ſmall Sphere of 
Attraction by the Action of the fiery Particles? (5.) And, then 
being extremely ſmall, may they not be lighter than the Air on 
the Surface of the Fluid, and therefore be forced to aſcend in it 


according to the Laws of Szatics ? (6.) Being buoyed up to a 
| N 3 | Height 


A 


F 
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A. Pray what Meteors are immediately 
formed of Vapours? 

B. Fogs and Miſts : Fogs are thoſe Collec- 
tions of Yapours which chiefly riſe from fenny, 
moiſt Places, which become more viſible as the 
Light of the Day decreaſeth ; if theſe are not 
diſſipated, but unite with thoſe that riſe from 
Waters, as Rivers, Lakes, &c. ſo as to fill all 
the Air in general, then they are called Me; 
and often they ſtink, from a ſulphureous Ex- 
halation, or Matter they contain. 

A. What Meteors are next formed of Va- 
pours 2 | 

B. Clouds are the next State of Vapours; 
for they conſiſt only of a Congeries of Yapours 
exhaled from Sea and Land, and raiſed to that 
Height in the Air, where they become of equal 
Weight, or Gravity, with the Air; in thoſe Parts, 
therefore, they float and ſwim, and by ſtriking 
one againſt another, and mixing one with ano- 
ther, they coaleſce, or thicken, and become more 
denſe and weighty ; the thinner or rarer the 
Clouds are, the lighter and highcr they ſoar; but 


Height where the Air 3s of equal Weight, will they not be 
there ſuſpended in the Form of Clouds, according to the ſame 
Laws? (7.) May they not there {by the Means above aſſigned) 
be condenſed and zmbodied, and ſo become more weighty than 
the Air, and therefore endeavour to deſcend through it, accord- 
ing to the ſame Laws? (8,) But deſcending through a Body of 
conſiderable Reſiſtance (as the Air is) will they not be again 
divided and ſeparated into Jefler Parts, which being heavier 
than an equal Portion of Air, will ſtill keep deſcending in 
Drops or Form of Rain ? | 

I ſee nothing unnatural or merely conjectural in all this, and 
ſore J am, it is all conſentaneous to the Principles of the preſent 
received Philoſophy. If any think the Subject of theſe Queries 
Aegcient in regard of the Purpoſe, they are to ſhew it. 


the 
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the more denſe they are, the weightier, and the 
nearer they ride to the Earth. 

A. Pray how high do you judge the Clouds 
to fly? | 

. From about a Quarter of a Mile to a 
Mile; it is very common for Perſons, by climb- 
ing very high Mountains, to get above the Clouds 
and fee them ſwim beneath them, cleaving 
againſt the Mountains they are on *. 

A. That muſt be very curious to obſerve; 
but whence the various Figures and Colours 
of the Clouds? 

B. The wonderful Variety in the Colours of 
the Clouds, is owing to their particular Situation 
to the Sun, and the different Reflections of his 
Light: The various Figure of the Clouds reſults 
from their looſe and voluble Texture, revolving 
into any Form, according to the different Force 
of the Winds. 

A. That Rain is produced from the Clouds 
we all know; but in what formal Manner doth 
it happen? 

B. Thus: when various Congeries of Clouds 
are driven together by the Agitation of the 
Winds, they mix and run into one Body, and 
thus diſſolve and condenſe each other into their 
former Subſtance of Water; alſo the Coldneſs 
of the Air is a great Means to collect, compact, 
and condenſe Claude into Water: The Water 
thus produced of the Clouds, being heavier than 


Concerning the ſeveral Methods of meaſuring the Height 
of the Clouds, ſee my Young Trigonometer's Guide, Vol. I. Part 


II. Chap, II. 
N 4 Air, 
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Air, muſt of Neceſſity fall through it in in 


Form we call Razn. 

A. But why does it fall in Drops, and not in 
whole Quantities, as it becomes condenſed in 
the Air? | 

B. So it would fall in great Quantities, were 
it not for the Reſiſtance of the Air; but the 


Subſtance of the Air breaketh and divideth it 


into Parts, ſmaller and ſmaller, the farther it 
paſſeth through it, till at laſt it arrives to us 
in very ſmall Drops “. 

A. Is not Dew a Kind of Rain? 

B. Yes; only with this Difference, that 
whereas Rain falls at any Time, and in great 
Drops, Dew falls only at ſtated Times, and in 
Get very {mall and fine Drops, that they are 
ſcarcely viſible, till they are fallen and condenſed 
into Drops on the Tops of Graſs, Boughs, &c. 

A. In the next Place, pray, Sir, explain how 
the Meteor, we call Snow, is produced. 

B. Snow is produced thus: When the ac 
pours are become conſiderably condenſed, 
not ſo far as to become liquefied, or dtd 
into Water, then, by a ſpecial Degree of Cold- 
nels in the upper Air, the Particles of the con- 
denſed Yapours are compelled into a hard, rigid, 
and glacy Subſtance, ſeveral of which adhering 
together, form little Fleeces of a white Sub- 
ſtance, ſomewhat heavier than the Air; and 
therefore deſcend in a {low and gentle Manner 
through it, being ſubject, by its Lightneſs, to 
all the various Motions of the Air and Wind; 
and is what, when arrived to us, we call Snow. 


See Note in Page 197. 
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A. And, pray, is not Hail formed after 
ſomewhat a like Manner ? 

B. Hail is thus generated: When the Cloud 
which raineth is very high in the Air, or when 
all the Regions of the Air are very cold, the 
falling Drops of Water are congealed thereby, 
and grow into a glacy Subſtance, ſomewhat 
white and hard, of different Size and Figure, 

according to the Particles of Water, the De- 
grees of Heat and Cold, the Wind, &c. and 
this, when come to us, we call Hail. | 
A. Although I ſuppoſe you do not reckon 
Froſt and Ice among Meteors, yet I believe this 
may be as proper a Place to diſcourſe of them 
as any; and therefore, if you pleaſe, be ſo good 
as to explain to me their Natures ? e 

B. Dr. Cheyne ſaith, that Cold and Freezing 
ſeems to proceed from a ſaline or ſalt Sub- 
ſtance floating in the Air, whoſe Particles are 
very ſharp and pointed, and theſe inſinuating 
themſelyes (in a wedge-like Manner) into the 
Pores of the Particles of Water, do thereby fix, 
cryſtallize, apd make hard the ſuperficial Parts 
of Water, and all humid Subſtances ; and hence 
the incruſtated Surface of Earth, Dews, &c. 
we call Freft, and the fixed and cryſtallized 
Superficies of Water, we call Ice: But, when 
the Heat of the Sun diſſolves thoſe freezing, 
ſaline Particles into a Fluid, the Surface of the 
Water, Se. all return to their former natural 
State; and this we call TBHawing. 

A. Have you any Thing farther to conſider, 
as watery Meteor? | 

B. No, 
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B. No, thoſe now deſcribed are the whole 
Tribe; and as we have already largely ſcanned 
the Nature of the Wind, which ſome (as I told 
you) improperly make a ſecond Sort of Meteors, 
let us now paſs to the Speculation of thoſe 
which are called fiery Mezeors. 

A. With a very good Will, Sir; nothing 
delights me ſo much as thoſe Kinds of patural 
Reſearches ; and in the firſt Place, pray which 
do you count the principal of all the fiery 
Meteors ? 7 5 

B. Lightning, which is thus occaſioned ; 
The Air doth abound with Steams and Exha» 
lations of- Sulphur, Bitumen, Mitre, and Salts 
of various Sorts, Acids and Alkalies; theſe be- 
ing raiſed by the Sun's Heat into the higher 
Regions of Air, are there diſperſed and venti- 
lated to and fro by the Winds; this Agitation 
produces a Mixture, and, conſequently, a Fer- 
mentation of thoſe combuſtible Sulphurs with 
the nitrous Acids, which is often to that De- 
gree, as to kindle into Flame, and thereby 
cauſe thoſe ſhining Flaſhes of Lightning we 
tee darting from the Sky *. 

A. But, pray, Sir, what makes the Thunder 
with it ? 

B. Thunder is occaſioned by the kindling 
thoſe bituminous and ſulphureous Exhalations 


Concerning the Nature of Bitumen, Sulphur, Nitre, Acids, 
3 & c. See Part IV. Chap. II. and the Notes thereto an- 
nexed. 

As Sulphur is the moſt inflammable, and Nitre the moſt apt for 
a violent and ſudden Explofron, of all Kinds of Matter; fo theſe 
twoSubſtances are moſt reaſonably thought to afford the EHuwia, 
which compoſe the Mixture producing Lightning and Thunder; 
as they are the two principal Ingredients in Gunpowder. 


in 
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in the Air by the nitrous Salts, in the ſame 
Manner as the Exploſion is produced by ſetting 
Fire to Gunpowder, or Aurum Fulminans ; and 
the Reaſon why we do not hear the dreadful 
Noiſe of Thunder, ſo ſoon as we ſee the Inflam+ 
mation or Lightning, 1 is becauſe Sound is longer 
arriving to our Ears, than Light to our Eyes; 
as I haye before told you. 

A. I have heard talk of Thynder-Bolfs, and 
their ſtrange Effects ; pray, what do Philoſo- 
phers ſay of them ? 

B. What is called a Thunder- Bolt, is nothing 
but a more ſolid and moſt rapid Flame, which, 
with incredible Celerity, flies from the Clouds 
to the Earth, and thro' every Thing ſtanding 
in the Way, being interrupted by nothing. The 
more remarkable Phenomena of which are as 
follow; 1. That it affects high Places chiefly, 
as Mountains, Towers, Trees, &. 2. That it 
will ſometimes burn a Perſon's Clothes, while 
his Body remains unhurt. 3. That, on the con- 
trary, it will ſometimes break a Man's Bones, 
while his Clothes and Fleſh receive no Harm. 
And, 4. In like Manner i it will ſometimes melt 
or break the Blade of a Sword in the Scabbard, 
while the Scabbard remains untouched ; and, 
on the contrary, wall ſometimes burn theSheath, 
and not affect the Sword. The Reaſon of theſe 
itrange and contrary Effects, Philoſophers can 
but conjecture at, imputing it to the different 
Figure and Quality of the Particles of “ Ligbt- 


ning. 


* There is a Sort of Stone, or Mineral, which the common 
People call a Thunder- Bolt, and imagine it falls from the Clouds 
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ning, which renders them capable of diſſolvin 
ſome Subſtances, at the ſame Time that they 
will not touch others. 


A. All this is very ſtrange indeed; pray what 


other fiery Meteors are remarkable ? 

B. The ſame aerial Fire, or ſulphureous In- 
flammation, hath different Names, according to 
the Variety of Figures and Sizes it appears un- 
der: As, 1. Lampas, a Lamp, when it burns, 
eth by little and little, on one Part only. 
2. Bolis, a Dart, when the Exhalation appears 
kindled in a long Tract together. 3. Trabes, 
Beams, when the Inflammations appear in the 
ſame Place continually. 4. Chaſma, a Chaſm, 
when the Flame ſhines or glitters from the 
Breaks of dividing and ſplitting Clouds. 5. Ignis 
Fatuus, i. e. the fooliſh Fire, or Jack in a Lan- 
thorn, when a fat unctuous Vapour is kindled, 
and wafted about by the Motions of the Air, 
near the Surface of the Earth, like a Light ina 
Lanthorn. 6. Ignis Pyramidalis, the pyrami- 
dical Fire, when it relembles a Pillar of Fire, 
ſtanding upright. 7. Draco Yolans, a flying 
Dragon, when the middle Parts be thicker and 
broader than the Ends. 8. Capra Saltans, a 


ſkipping Goat, when it appears to have a ſkip- 


ping Motion, and to be ſometimes kindled, and 


in a Stroke of Thunder, and thereby does many Times great Miſ- 
chief, but this is a vulgar Error; the Stone ſeems, from the Make 
and Faſhion thereof, to reſemble more an artificial than a natu- 
ral Production; and being moſt frequently found where Seput- 
chres have been, inclines ſome to think they are ſome Remains 
of Antiquity, and were formerly of Uſe in War, and Arms, which 
it was cuſtpmary with the Ancients to bury with their Aſhes. See 
the Authors mentioned in Rowwning's Comp. Syſtem, Page 146 
of Part II. and Phil. Tranſ. No. 313, 316, 319, 331, 336. 
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ſometimes not. 9. Stellæ cadentes, falling Stars; 
when the more ſubtile Parts are burnt away, 
they fall by the Weight of their viſcous and 
earthy Matter remaining. And theſe are all the 


remarkable fiery Meteors *. 


Of theſe Meteors, the Ignis Fatuus is the moſt frequent and 
confiderable ; of which Sir //aac Newton thus writes, The [g- 


nis Fatuus is a Vapour ſhining without Heat; and is there: 


« not the ſame Difference between this Yapour and Flame, as 
« between rotten Wood ſhining without Heat, and burning 
« Coals of Fire?“ Optics, Queſt. 10. 3 a 
The Meteors here mentioned are moſt of them but Parts of the 
wonderful Phenomenon called the Aurora Borealis, or Northern 
Lights, which is an Appearance of ſtreaming Light, darting 
from a dark Part of the Air which looks like a Cloud; whi 
Streams or Streaks of Light, if low, are perpendielar to the 
Horizon, and higher, ſeem to meet in a Centre near the Ze- 
zith; where they have various glancing, quivering and curling 
Motions ; and when the zitroſulphureous Matter, of which it 
conſiſts, is all ſpent and burnt away, the Aurora commonly de- 
generates into a bright Twilight in the North, and there gra- 
dually dies away. See a large Account of this Phænomenon in 
all its Shapes in Rowning's Comp. Syſtem; Part II. Differt. 7. 
Monſ Mairar's Phyſ. and Hiſt. Treatiſe thereof, in the Memoires 
de PAcademie Royale des Sciences; or an Abſtra@ thereof in 
Philoſ. Tranſ, No. 431. See an Account of ſeveral Aurora's in 
the Philoſ. Tranſ. No. 320, 347, 318, 381, 352. Phat won- 


derful Meteor, March 19th, A. D. 1719, No. 360. Another the 


ſame Year, No. 363. Dr. Hall:y has made it appear from Ob- 
ſervations on the Meteor ſeen on the 31k of Fuly, between g and 
10 at Night, 4. D. 1708, that theſe Meteors ate in thę very 
upmoſt Part of the Atmoſphere, or between 40 and 50 Miles 
perpendicular Height. Alſo that March 19, A. Y. 1719, was 
found by Calculation to be no leſs than 73+ Engl Miles per- 
pendicular Height. For a more ample Account of Meteors, 
the Reader may conſult the Authors referred to in Note“ in 
Page 187, Note“ in Page 194, and Phil, Tran. | 


CHAP. 
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CHAP. IV. 


PAN TASMATOGRA PHV, or 4 Pbilgſopbical 
Account of the celeſtial Appearances, viz. the 
RainBow, HaLo's, PaRHELluus, PA- 
RASELENE'S, Cr. 


A. TRAY, Si, why do you chooſe to uſe 
ſuch a long hard Word as Phantaſina- 
ee, I can hardly ſpeak it. | 

B. Becauſe that beſt expreſſes my preſent 
Defign, which is to let you underſtand what 
the Opinions and Diſcoveries of the beſt Phi- 
loſophers are concerning the celeſtial Appear- 
ancer, as the Rainbow, &c. this Word being 
compoſed of pavlaopmaln, Phantoms, or Appear- 
antes, and yeagn, a Deſcription. 

A. But, Sir, by your Leave I would afk 
whether it be not an Innovation to call thoſe 
Things by the Names of Phantoms, Appear- 
ances, or Apparitions, which (as yourſelf ſays) 
are by the greateſt Philoſophers ranked with, 
and. deemed Meteors ? 

B. Be it an Innovation, or what it will, Tal- 
ways chooſe to call Things by ſuch Names as 
expreſs what they be, not what they be not; 
it is certain thoſe Things we diſcourſe of exiſt 
no way but in Appearance. 

A. What, I pray you, is there nothing of 
Reality in theſe Things, as in the Rainbow for 
Inſtance, but a Form of different Colours ? 

B. Nothing more indeed ; they all owe their 
Exiſtence to one common Cauſe, viz. the Re- 
fection and Refrattion of Light. 
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Of the Rainbow, how cauſed; its Colours. 20% 


A. Pleaſe to explain a little more particular- 
ly the Manner how theſe Phenomena are pro- 
duced; and, firſt, how the Rarnbow acquires 
its beauteous and wonderful Form. 8 

B. The Rambo is one of the moſt ſurpriz- 
ing of all the Works of God (which the Hebrews 
call c ο, wp the Bow of God, and the Greeks 
YauuarTis, i. e. the Daughter of Monder. This 
Phenomenon is ſeen in the falling Rain, or Dew, 
and not in the Cloud whence that Rain, or Dea, 
proceeds; it is cauſed by a Reflection and Re- 
fraction of the Sun's Rays from the globular: 
Particles of Rain: There are often two Bows: 
to be ſeen at the ſame Time, the interior, as 
AFB, which is more ſtrong and vivid; the ex- 
terior Bow, as QH D, which is more faint and 
weak ; the interior Bow is formed by fu Re- 
fractions of the Rays of Light, and one Reflec- 
tion of them in the Drops of Water. See Fig. 
XXVII. on Plate XVII, fronting p. 207. 

A. Pray, Sir, exemplify this Matter. 

B. I will. In the interior Bow Fig. XXVII. 
of the Plate as above) let EF be two Drops of 
the falling Rain, and let Sa be a Ray of Light, 
falling on the Drop E in a, from whence it is. 
refracted firſt to e, thence it is reflected to E, 
whence it is a ſecond Time refracted to the Eye, 
ſuppoſe at O: In like Manner, the ſame Thing 
happens in the upper Part of this Bow, in the 
Drop F. 

A. Well, and what are we to learn from all 
this? 

B. Hence you eaſily underſtand the Reaſon 
of the Colours of the Boo, if you have not for- 


5 got 


5 
n 


— — —Uä—ä— err Gy EL 
. — 1 


l 


— —ê 


1 — — er 
4 wm — . A . : - . 
l p — —— -—- — 
— — 2 8 — = 5 — + — LP: £1 2 7 2 * 3 
= - . — = __ l - — - 
* 0 * 8 - ”— — . q - = 4 * — . 
= | Sl 22 = W's = E 8 LL = F bi of. = 
1 * _— U bo — o # 2 "77 j ” 
— 7 4 m = o F © Fi 8 K = \ \ 
TY Y is 4 \ = k = 
. - F, | 
R Z =_ j ol | 
; 2 
Ln. 
\ a l — ol 
— n 
R 
_ 


— gg 


A 


r 
— ͤ ö —ä 


D 1 


rr 
— 


8 
— as 


2 


— 
— 


2 * 
—_ * ; 
8 — — — — * 
* . — 2 
o | SY = = Th 3 
FFD” oa "a 1 IR 
, 


x - 
7 


208 The PhitLosePricat GRAMMAR, 


got what I delivered to you when we were diſ- 
courſing of Light and Colours : For here you 
ſee the Angle COE AO 2 ſhall be the greateſt 
Angle, in which the moſt refrangible Rays can 
after one Reflection be refracted to the Eye; and 
therefore all the Drops, in the Line OE, ſhall 
fend the moſt refrangible Rays moſt copiouſly to 
the Eye, and thereby ſtrike the Senſes with the 
deepeſt violet Colour in that Region : In like 
Manner, the Angle COF=42® 17 ſhall be the 
greateſt, in which the leaſt refrangible Rays can 
after one Reflection be refracted to the Eye; 
and therefore all thoſe leaſt refrangible Rays ſhall 
come moſt copiouſly to the Eye in the Line OF, 


and ſtrike the Senſes with the deepeſt Red in 


that Region: Do you underſtand me, pray ? 

A. Yes, Sir, very well; and J alſo underſtand, 
that by Reaſon of the intermediate Degrees of 
Refrangibility of Rays coming from the Props 
between E and F, the Space between E and F 
ſhall be painted with proper intermediated Co— 
lours; and therefore the whole Face of the 
Bow will be tinged with all the primogenial 
Colours in their natural Order, viz. Violet, In- 
digo, Blue, Green, Yellow, Orange, and Red, 
from E proceeding to F. 

B. I am glad to ſee you ſo very happily un- 
derſtand the Matter; you will with the greateſt 
Eaſe and Pleaſure underſtand the Phenomena of 
the upper, orexterior Bow QHD, whichin ſhort 
are thus produced : Let G and H be two Drops 
in the extreme Parts of the upper Bow; now let 
SG be a Ray falling on the Drop in G, whence 
it is firſt refracted to e, from thence it is firſt 
reflected 
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reflected to F, from F it is a ſecond Time re- 
flected to g, and from ꝗ it is a ſecond Time re- 
fracted to the Eye at O: Now the ſame is to 
be underſtood in the upper Drop H: hence 
the Angle COg==509 42 is the leaſt Angle, in 
which the leaſt refrangible Rays can after two 
Reflections be refracted to the Eye; and there- 
fore the Drops in the Line Og ſhall ſtrike the 
Eye with the deepeſt Red, and the Angle COH 
254 22 ſhall be the leaſt Angle, in which the 
molt refrangible Rays after two Reflections can 
emerge out of Drops; and therefore thoſe Rays 
ſhall come moſt copiouſly from the Drops in the 
Line OH, and ſhall ſtrike the Senſe with the 
deepeſt Violetin that Region: And by the ſame 
Reaſoning the Drops between GH ſhall ſtrike 
the Senſes with the intermediate Colours; and 
ſo the Colours, in the whole Width of the up- 
per Boro, ſhall lie in this Order from G to H, 
viz. Red, Orange, Yellow, Green, Blue, Indigo, 
Violet; contrary to the Order of thoſe in the 
lower Bow. 

A. Sir, I readily perceive the Reaſon of thoſe 
Colours in both the Bows, according to the Laws 
of Refraction you heretofore mentioned; but, 
pray, why are the Colours of the exterior Bow 
ſo much fainter than thoſe of the interior one? 

B. Becauſe the Light is twice reflected in 
the Drops of the exterior, and but once in 
thoſe of the interior Bow, the Light becoming 
fainter by every Reflection. 

A. I think, Sir, the Rambow always ap- 
pears perfectly round; doth it not? 

B. Yes; accurately ſo; for the Lines OE, 
OF, OG, and OH, turned round their com- 
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mon 63 OC. Hall with their Bhde EPGH 


deſcribe the circular Borders, or Extremities, 
of the two Boas. 

A. And do they always appear equally large? 

B. Yes, all Rainbows are of the ſame Di- 
menſions; becauſe no Bow can appear but un- 
der the Angles of the fame Quantities, as be- 
fore mentioned. 

A. But we donot always ſee an equal Quan- 
tity of a Bow, as I have often obſerved. 

B. No, that is impoſſible you ſhould ; for 
the Sun muſt be in the Horizon for you to ſce 
half the Bow, which is the moſt that can ever 
be ſeen; for then the Centre of the Bows C is 
on the Superficies of the Earth; but the higher 
the Sun riſeth above the Horizon, the lower the 
Centre C finketh beneath the Earth's Surface; 
and conſequently the leſs ſtil} you can ſee of 
the Bow, till, at laſt, you can ſee none at all. 

A. Pray how high muſt the Sun be for the 
Rainbow not to be ſeen at all? 

B. When the Altitude of the Sun becomes 
equal to the Quantities of the aforeſaid Angles, 
under which the Bow appears, they cannot then 
be ſeen; that 1s, when the Sun's Height is equal 
to the Angle COE=40? 2, the inner Part E, 
of the interior Bow, deſcends the Horizon; 
when it is equal to the Angle COF==42® 17, 
the upper Part F, and fo the whole interior 
Bow will entirely vaniſh and diſappear beneath 
the Horizon. Thus, when his Height is equal 
to the Angle COH=54* 22, the whole ex- 
terior Bow will be depreſſed below the Hori- 
zon, and then no Part of any Bw at all can be 
feen; hence all the Vinter halt Year both the 
| Bows 


Of various Affections of the Rainbow. 211 
Bows may be ſeen all the Day, the meridian 
Height of the Sun then at greateſt being never 
above 389 300. 

A. What elſe, pray, is remarkable of the 
Rainbow ? 

B. The Dimenſions in Exgliſb Vards and Miles, 
I have calculated for every Part of both Bzws, 
and are ſuch as are here ſet down at a given Di- 
ſtance of the Spectator, and Height of the Sun“. 

Alſo 


* Suppoſe (as in Fig. LX. on Plate XIV. fronting p. 179) 2 
Spectator at O beholds the Bows AEB and CGD at the Diſtance 
OQ=3 of a Mile, or 1320 Yards; and that the Height of the 
Sun be at that Time 16 Degrees: In ſuch a Caſe, I have deter- 
mined the Dimenſions of the Bows as follow. 

1. The Centre of the Bows P will be depreſſed below the 
Surface of the Earth 364 Vards g P. 

2. The leſſer Semidiameter of the interior Bow PE will be 
1066 Yards ; and the greater Semidiameter PF will be 1154 
Yards; therefore, 

3. The Breadth of the interior Bow EF will be 88 Yards, or 
264 Feet. 

4. Again, the leſſer Semediameter of the exterior Bow PG 
will be 15504; Yards; and the greater PH, 1770 Yards ; 
therefore, 

5. The Breadth of the exterior Bow GH will be 21977; 
Yards, or 659 Feet; | 

6. Conſequently, the Breadth of the exferior exceeds the 
Breadth of the interior Bow by 395 Feet; which ſhews it to be 
more than twice the Width of the latter. | 

7. The Diſtance of the Summit F of the interior Bow from 
the Earth Q 4s 790 Yards; and the Summit of the exterior Bow 
H from Q is 1406 Yards, 

8. The Diſtance between the two Bows from F to G 1s 
396778 Yards. 

9. The Diſtance of the Legs AB of the interior Bow on the 
Earth's Surface is 2052 Yards ; that is, one Mile and 292 Yards. 

10. The Diſtance CD of the Legs of the exterior Bow 1s 
3014 Yards; that is, one Mile, and 7; of another. 

11. The Diameter of the interior Bow being 2132 Yards, 
the Circumference thereof will be 6694 Yards, or 3 5 Miles, 
on the Inſide. 1 

12. The viſible Segment AEB above the Earth, will be above 
2750 Yards ; or one Mile anc a half, and ſomewhat more 
O 2 13. The 
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Alſo you have here learned the following Par- 
ticulars: 1. That two Bows do appear toge- 
ther. 2. The Manner how they are both form- 
ed. 3. The Reaſon of the Diverſity of their 
Colours. 4. The Reaſon why the Colours of 
each Bowliein an inverſe Order to each other. 
5. That the Rainbows never appear but when 
it rains. 6, That the Bow is in the falling Rain, 
and not in the Cloud. 7. That it always ap- 
pears in that Part of the Heavens oppoſite to 
the Sun. 8. The Reaſon why one Bow 1s fo 
much more ſtrong, apparent, and vivid, than 
the other exterior one. 9. Why they are all in 
themſelves of an equal Bigneſs. 10. Why we 
{ee at ſometimes a greater, and ſometimes a 
leſſer Part of them. 11. Why we can never ſee 
above half a Bow at moſt, and when we can ſee 
none at all. 12.That the Dimenſions of a Rain- 
go may be computed in any known Meaſure. 

A. Indeed theſe are all exceeding curious 
Circumſtances, and far more than ever I under- 


13. The inner Circumference of the exterior Bow will be 
9535 0 Yards,.or a little more than 5; Miles; and the Part 
CGD above the Earth about 2853 Miles. 

Theſe are the principalDimenſions of ſuch a Bow, which may 
give the Reader a generalldea thereof, and many Times is very 
near the Truth. I have ſhewed the Method of Calculation in 
my Young Trig. Guide, Vol. I. Part 2. Chap. 2. But, by the 
Miſtake of a Number, the Meaſures there given ate erroneous; 
this Overſight I diſcovered not till it was too late to correct it. 

They who. would ſce the Mathematical Theory of the Rain- 
g9Ww, may conſult Sir I/aac Newton's Optics, Book I. Part 2, 
Prop. g. or Dr. Clar#'s Notes on Rehar!!'s Phyfics, Part III. 
Chap. 17. Alſo in Dr. Green's Principles of Philoſophy ; and 
Dr. Talley's Diſcourfe thereon, in Philo/. Tran/, N? 267, See 
alſo Ne 375. Dr. Pemberton's View, Page 394. Grave/ande's 
Elem. Book III. Chap. 21. Chambers's Diction. and Harris's Lex. 
Tech. under the Word Rainboav. | 

ſtood 
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ſtood before: But you have ſaid nothing of 
the Rainbows which appear by Night in the 
Moonſhine ; what think you of them, Sir? 

B. They are in all Reſpects the ſame as 
thoſe occaſioned by the Sunſhine in the Day *. 

A. But, if you aſſign ſuch a natural Cauſe for 
the Production of the Rainbow, would not there 
have appeared a Bow in all Ages and Places? 

B. Yes, always ſince there have been Clouds, 
and Perſons to ſee the Reflection of the Sun's 
Light from the Particles 'of falling Rain. 

A. Why, there have been Clouds ever ſince 
the Creation, have there not ? 

B. Yes, undoubtedly, and Rain too. 

A. Pray, then, how could the Raznbow be any 
Thing of a miraculous Production, or be made 
the Sign of a new Covenant, which God made 


There are obſerved four Sorts of 7ris's or coloured Bows, 
| {1.) The Rainbow; of which already; and, for Diſtinction, 
ö may be called the Solar Bow. (2.) The Lunar Bow ; of which 

ſee a remarkable Account in Pia. Trauſ. No 331. (3.) The 
Marine- Bow ; this appears at Sea in the Water which the Wind 
carries off the Tops of the Waves; the Colours in this are not ſo 
lively as in the Common-Bow ; the moſt vivid are a Yellow next 
the Sun, and a Green next - the Sea. 'They appear 1n great 
Number, fo that 20 or 3o of them may be ſeen together. Laſtly, 
they have a Poſition contrary to that of the common Rainbow; 
that is, they have their curve Part turned towards the Sea, and 
the Legs upwards. See Philo/. Tran/. N* 337, and 369. (4) 
The Terreftrial Bow; for ſo I call it, as being ſeen on the 
Ground; it is cauſed by Refraction of the Sun's Rays in Drops 
of Dewon the Graſs : Mr. Langabith tells us, in one he ſaw, the 
Colours were very near as ſtrong as thoſe of the common or 
: Selar-Bow, It continually changed its Place with the Beholder, 
J The convex Part was next the Eye, and the Yertex was very 
p near him. The Colours took up leſs Space, and thoſe were more 
| lively, that were neareſt him. According to the different Height 
of the Sun, the Figure of this Bow may be either an Hyperbsla, 
Parabola, or Ellipfis. See Phils). Tran). No 369. 


] Q 3 with 


1 
* 

* 4 

# 

* 

J 

} " 


—— 


——— — a; — G- —_— . A 
— — — ano we — — __ _— | 


— 


O _—_—_ 8 = 
. 7 — I \ 
— a . X 


— ———— — — 
— 


6—— — 


214 The PHlLOSOPHICAL GRAMMAR. 
with Noab and the New World, as related 
Gen. . 1:2s 44,1587 

B. That Paſſage does not neceſſarily imply 
that it was any wraculous Production, or that it 
did nat exiſt before; for memorial Signs or To- 
hens are arbitrary Things, and God might as 
well chooſe the Rambo for that Purpoſe, as 
any Novelty whatſoever *. ” 

A. How do you account for thoſe Phœno- 
mena we call Halo's * 

B. They are Circles ſomewhat akin to the 
Rainbow, which appear about the Sun and 
Moon, and ſometimes variouſly coloured. 

A. Pray what are the moſt remarkable Par- 
ticulars in the Halo s? 

B. The following: 1. They have always the 
Sun or Moon for their Centre. 2. They never 


* In Gen. ix. 13. our Tranſlation hath it I do /et my Boa 
in the Cloud, which indeed makes it ſeem as if it were not there 
before; but if we attend to the Original, we ſhall find the Word 
pn to fignify, not do /et, but, I do give, or appoint, or ap- 
propriate my Bow in the Cloud, for a Sign, c. Again, the Ex- 
preſſion mp, my Bow, plainly implies the Bow was then in be- 
ing, and was a common and well Known Thing. Once more 
the Word nom, which we render, and it ſhall be, may be as 
well rendered — zhat it may be, &c. the Prefix 1 being often found 
to have the Signiſication ofthe Adverb zz, that. Wherefore the 
Verſes may be truly thus tranſlated ; 7 do give or appoint my Bow, 
which is in the Cleud, that it may be for a Sign or Token of a Cove- 
nant betaween me and the Earth; and it ſhall come to paſs, when J 
bring a Cloud over the Earth, (HN) and the Bow ſhall beſeen 
in the Cloud, Gap) that I will remember my Covenant that is 
between me and you, &c. Thus, by giving the Particle) its due 
Acceptation in three ſeveral Places, the three Verſes run very na- 
tural, and imply no new Wonder or Miracle. I hope thoſe Gen- 
tlemen who have been ſo ready in charging me with caſting Con- 
tempt on the Scriptures, will believe me, if I tell them once 
more, that I eſteem the Bible above all Books in regard of Re- 
lig ion, and that what I ſay reflects only on the Superſtition or Ig- 
norance of thoſe who would make the Scriptures ſay any thing 
inconſiſtent with Rea/on, Common-ſenſe, or the Nature of Things. 
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appear in a rainy Sky, but in 2 rimy and froſt } 
one. 3- They appear blue on the exterior 
Limb, or Border, and red on the interior, 4. 
The Air contained within them is more obſcure 
than the ambient Air without round about 
them. 5. The Limb of a Hah, or Width of its 
Circle, is about half a Degree, or 30 Minutes, 
6. The Diameter of the whole Circle of the 
Halo, is about 44 or 46 Degrees, more or leſs. 

See Fig. XXVIII. on Plate XVII, fronting b. 

20 

4 Aud pray, is the Halo formed in the ſame 
Manner as the Rainbow ? 

B. The Halo is formed by the Refraction of 
the Rays of Light, without any Reflection, as 
in the Rainbow ; and this Refraction of the 
Light in the Hailſtones in the Air, will be 
ſtrongeſt at about 220, or 22” 3o', diſtanteach 
Way from the Sun or Moon, and gradually 
decay both Ways as the Diſtance increaſes or 
decreaſes; and conſequently at that Diſtance 
there will be formed a Circle, we call the Halo, 
about the Sun or Moon, which Halb, as often as 
the Hailſtonesare duly figured, may becoloured; 
and then it muſt be red within by the leaſt re- 
frangible Rays, and blue wich by the moſt 
refrangible ones: And this is the Sabſtance of 
all we know worth mentioning of the Halo. 

A. Then a Word next, if you pleaſe, con- 
cerning the Parheha; pray what are they in a 
philoſophical Senſe, and why ſo called ? 

B. The Parbelia are what the Vulgar call 
Moch-Suns, and Paraſelenes are Mock-Moons, 
which ſometimes appear in the Heavens, and 
are only Repreſentations of the Face of the true 
O 4 Sun 


— 
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Sun or Moon by Way of Reflection in the 
Clouds; they are fo called, becauſe they appear 
Tape TOY H/½.j beſides the true Sun, and Tap 
Thy Geν,g, beſides the true or real Moon. 

A. In what Manner do they appear ? 

B. Thus: 1. There 1s obſerved a very great 
white Circle parallel tothe Horizon, as ACDB, 
paſſing through the true Sun at 8. See Fig. 
XXIX. on Plate XVII, fronting Page 207. 
2. In the Parts of this white Circle appear the 


Parhelia: As in 1629, March 29, there ap- 


peared at Rome four Mock-Suns, as ABCD, to 
a Spectator in the Obſervatory at O; though not 
all of them equal, nor equally ſtrong and vivid, 
nor of equal Duration. 3. They are in Num- 
ber unequal, being ſometimes four, as here, 
ſometimes more or leſs. 4. They appear ſome- 
times tinged with the Coloursof the Razmnbow, 
now ſtronger, now fainter. 5. Halo frequent- 
ly appear at the ſame Time ; as in the Caſe 
now mentioned, there appeared two broken 
ones, as the interior one FGH, very ſtrong and 
Rainbow-like, and the exterior one, IABK, 
paſſing through the two Parhelia neareſt the 
Sun AB, but fo weak and faint as ſcarcely to 
be ſeen. 6. Among theſe four Parhelia, one, 
viz. the Parbelium B, appeared to have a Tail, 
Comet-like, extending to E, the Part oppoſite 
to the Sun 8. 

A. But, Sir, in viewing this Scheme, doth 
pot I repreſent the Point vertically over the 
Obſervatory O, as well as the Centre of the 
great white Circle; and ſo the Spectator would 
{ce the true Sun, the Halo s, and the two Par- 

Helia, 
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Of the Parbelia, their Cauſes, Affections. 2 17 
helia, A, B, before him, and the other two, 
C, D, behind him; would he not? 

B. Yes, that is the right Way to conceive 
a true Notion of the Phenomenon. 

A. Pleaſe to let me know how the Philos 
ſophers ſay they are formed ? 

B. The great white Circle all round you 
is formed by the Reflection of the Sun, from 
thoſe icy Particles floating in the Air of the ſame 
Height of the Sun; and therefore the Sun muſt 
be in it, as at 8: The Hals FH and IK are 
produced as before ſaid: The Parhelia ABCD 
are produced by two Refractions and one Re- 
flection of the Sun's Rays falling on the icy 
Particles in certain Parts of the white Circle; 
whence there is an Image of the Sun not only 
formed, but painted with the Colours of the 
Bow : But the Cauſes of theſe Phenomena are 
not ſo obvious as thoſe of the Rainbow and 
Halo's, and therefore we leave them . 

A, But, before we quite diſmiſs this phan- 
taſtic Subject, pray give an Hint what that 
Phenomenon may be we call Virge ? 

B. This is only an Apparition of the Sun's 
Rays darting through the Interſtices of the 
Clouds, or otherwiſe, in the Form of a Bundle 
of Rods as it were. And now, from thoſe 
Things which are ſituated ſo remote from us, 


* If the Reader be deſirous of ſeeing a large and more vari- 
ous Account of Hales, Parhelia, and other Appearances of the 
Kind, let him peruſe Sir 1/aac Newton's Optics, Book I. Part 2. 
Prop.g. Deſcartes's Meteora, in his Opera Philo/oph. Mr. Hugens's 
Account of the Cauſes of them, in Philaſ. Tranſ. N 60. Alſo 
No 22, 129, 13, 47, 102, 250, 251, 262; and all the Authors 
referred to in Note“, Page 187. 
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and ina Region altogether inacceſſible to Man- 
kind, let us deſcend to the Contemplation of 
the manifold Curioſities and Wonders diſco- 
vered in a Place we know better, and nearer 
Home ; to wit, in the Globe of our Earth. 

A. With all my Heart, Sir; for I cannot 
ſay, indeed, but that I am almoſt weary with 
travelling ſo long through all the ethereal Re- 
gions of the Univerſe; yet, as it hath been on 
the Wings of Contemplation, and I am fatu- 
rated with the delightful Curioſities of Nature, 
I am ſo far from regretting it, that I count 
it the beſt and moſt profitably ſpent Part of 
my Time, 


THE 


She 


TH E 


Philoſ hic Grammar: 


Or, VIEW of 


Modern Philoſophy. 


—— 


P AR T IV 


GEOLOGY: 


CONTAINING, 


L.A philoſophical View of the7erraqueousGhbe. 

II. The Philoſophy of Earths, Stones, Metals, 
Minerals, &c. 

III. The Philoſophy of Vater, viz. the Seas, 
Rivers, Springs, &c. 

IV. The Philoſophy of Plants and Vegetation. 

V. The Philoſophy of animal Bodies, viz. the 
human Body, Brutes, Fowls, Fiſbes, Inſects, 
Reptiles, Shell- Animals, &c. 


Shewing the wonderful Diſcoveries of the modern Naturaliſts 
in thoſe Parts of Science. 


. 


GEOL OG, or the general Dottrineof the Globe; 
Hit various Diviſions and Subdiviſions; of 
the Viciſſitude of Seaſons, and other general 


Aſfections. 


A. DRAx. what is imported by the Word 
Geology ? 
4. B. A 
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B. A Diſcourſe of the Earth in general, or 
Terraqueous Globe, as conſiſting of Land and 
Water, from the Greek Words yn, the Earth, 
and AC, a Diſcourſe. | 

A. How is the Earth divided? 

B. The firſt great and moſt general Diviſion 
of the Earth is into Land and Water ; which 
again are ſeverally ſubdivided into other leſſer 
Parts. 

A. Pray how is the Land ſubdivided ? 

B. Into the following Parts, vis. 

1. CONTINENTS, which are great Tract 
of Main Land, containing whole Countries 
and Kingdoms; as Europe, Aſia, Africa, and 


America. 

2. Is AN Ds, or Parts of Land environed 
by the Sea; as Britain, Japan, Madagaſcar, 
&c, * 

3. PENINSULAs, which are Parts of Land 
encompaſſed by Water, excepting on one Part, 
by which they are joined to the main Land, 
or Continent ; as Morea, &c. | 

4. ISTHMus is that Neck of Land joining 
the Peninſula to the main Land. 

5. PROMONTORIE8, or Capes, are thoſe high 
Parts of Land which run far out into the Sea 
in a Point; as the Cape of Good Hope, &c. 


* See an Account of a new Iſland raiſed out of the Sea near 
Saturnin in the Archipelago, May 12, 177, by Dr. Sherrard, in 
Philaſ. Tranſ. N 314. Alſo of another new and burning Iſland 
raiſed out of the Sea near Tercera on Nowemb. 20, 1720, by 
Thomas Fofter, Eſq; No. 372, 'This Iſle is in Lat. 38* 29', and 
Long. 262 33“. In Ne 361, there is an Account of the Surk 
Hand, as it is called, in the Humber, . which was recovered 
from the Sea about ſeventy Years ago, and is about nine Miles 
in Circumference, and has a very fat and fertile Soil. 


A. And 


Of the Earth, and Divꝛſion of the Land. 22 1 


A. And, pray, what are the Subdivifions of 
the Water on the Globe ? 

B. Theſe following, v2. 

1. Oct ans, are thoſe vaſt Collections of 
Water which cover ſome greater Parts of the 
Earth's Surface ; as the Atlantic Ocean, Mare 
del Zur, &Cc. 

2. SEAS; thoſe are leſſer Aſſemblages of 
Water, which lie before, and wk the 
Coaſts of ſome particular Countries; as the 
Ethiopic, Indian, Arabian, &c. Seas. 

. GuLens, are thoſe Parts of the Sea 
every where environed with Land, except one 
Paſſage whereby they communicate with the 
Sea; as the Arabian Gulph, &c. 

» STRAITS, are thoſe narrow Paſſages of 
Water which either join a Gulph to the neigh- 
bouring Sea, or one Part of the Sea or Ocean 
to another; as the Straits of Gibraltar, &c. 

. RiveRs, are Streams of freſh Water 
ailing from ſome Fountain-head, which b 
a continued Current arrive and diſcharge 
themſelves into the Sea *. 

A. What other Diviſions do you make on 
the Surface of the Globe ? 

B. The Earth is again divided, with reſpect 
tothe Length of Days and Nights, into Cimates. 

A. What do you call a Climate? 

B. CLI MAT Es are ſuch Parts of the Earth's 
Surface on each Side the Equator, and parallel 


® See an Account of the Riſe of ſeveral of the moſt con ſider- 
able Rivers in Europe by J. G. Schinchzer, F. R. S. in P, 
Tran. N? 406. See alſo N*? 1 19. And Farce. (7eogs gener. 
Lib. I. Cap. 16. throughout. 
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thereto, that 'the artificial Day in one*fur- 
aſſeth that in the other by half an Hour. 
A. Are there yet any farther Kinds of Di- 
viſions of the Earth's Surface? 

B. Ves, and a very remarkable one too, 
72. into the ZoNEs, called the torrid, tem- 
perate, and frigid Zones &. 

A. Pray what doth the word Zone mean ? 

B. It is derived of the Greek Fun, a Beit, or 
Girdle; becauſe they, being large parallel Parts 
of the Earth's Surface, do encompaſs the Globe 
of the Earth, as a Belt doth the Body of a Man. 

A. What is the forrid Zone, and why is it 
ſo called? 

B. In the Map adjoined, you may obſerve a 
certain Space on the Earth's Surface, over the 
Middle of which paſſeth the Equator, and s 
included between two double Parallels, one to- 
wards the North, called the Tropic of Cancer, 
and the other Southward, called the Tropic of 
Capricorn; over all this Space, from the North 
to the South, you may obſerve the Line called 
the Ecliptic, or the Sun's Path, doth paſs ; and 
conſequently doth at ſome Time of the Yearor 


* Virgil and Ovid have both given a very beautiful Deſcrip- 
tion of the Zones ; of which the latter, in Zng/zh, runs thus; 


And as two equal Zones on either Side, 

On left and right, the meaſur'd Heav'ns divide: 
While the fifth rages with intenſer Heat; 

So the ſame Lines the parted Globe compleat: 
Exceſſive Heats poſſeſs the mid moſt Place, 

A ſad, aduſt, inhabitable Space; 

On two, eternal Hills of Snow are ſeen, 

And two, indulgent Heav'n has plac'd between, 
Whoſe Climes a due proportion'd Mixture hold, 
Temper'd with equal Parts of Heat and Cold. 

| other 
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iber paſs twice over every Part thereof, and 
y its perpendicular Rays doth greatly heat 
ad ſcorch it; and from its being thus rorri- 
Wd by the Sun's exceſſive Heat, it is called 
he /orr1d Zone. | 
A. Which do you call the zemperate Zones? 
B. Theſe are two Tracts lying next the rorrid 
one, one on the North, the other on the South, 
each bounded by, or contained within, the Tro- 
pics and Polar Circles, as are plainly diſcerned 
Win the Map; they are called temperate, becauſe 
the Sun never paſſeth over any Part of them, but 
ſhining obliquely on them, maketh them to have 
always a moderate Degree of Heat and Cold. 


B. They are thoſe two Tracts of the Earth's 
Surface contained within the Polar Circles, 
Northward and Southward, as you ſee in the 
Map; over the Centre of each of theſe is the 
Pole ; the Sun being at a great Diſtance from 
theſe, and abſent ſo long from ſeveral Parts 
thereof, together with the great Obliquity of 
his Rays when preſent, cauſeth prodigious 
Cold continually over all thoſe Parts; and they 
are therefore called the j7:g:d Zones. 

A. Pleaſe to let me underſtand the Reaſon 
of the different Degrees of Heat and Cold, in 
any one Place, throughout the Year. 

B. This will be beater apprehended, if we 
firſt diſcourſe a little of the various Seaſons, 
and their Cauſes, in which the Differences of 
Heat and Cold are found; and firſt, if you 
pleaſe, we will enquire the Reaſon of the dif- 
terent Length of Days and Nights. 


A. That 


A. And where do you place the fr:ig:d Zones? 
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224 PHILOSOPHICAL GRAMMAR, 
A. That will be very acceptable to me ; for 


I muſt confeſs to my Shame, though I have 


lived ſo many thouſand Days and Nights, I 
could never yet tell why one was longeror ſhort- 
er than another ; be pleaſed therefore to make 
the Matter evident, iſ poſſible, by a Scheme. 

B.Yes, I will warrant it 1s poſſible. Caſt your 
Eyes therefore on Fig. XXXI. on Plate XXI. 
fronting Page 234, and view well the Situation 
of the Globe; it is there in its proper Poſition 
for London, which you ſee in the Zenith at I, 
whoſe Horizon is the Line HO ; all under 
which to us is dark, and all above it light. 

A. Very good, ſo far I can follow you; pray 
go ON. | 

B. Then next you muſt conceive the great 
Circle. OPQ to be the Meridian of London, on 
which the Sun comes every Day at Noon, and 
every Night at Midnight, on ſome Part of it 
or other. | 

A. But, pray, why do you ſay on ſome 
Part or other ? | 

B. Becauſe the Sun is never preciſely on the 
Meridian in the ſame Place two Days together; 
but every Day declines from, or approaches 
nearer to, the Eguinoctial Line EQ, which 
ſurrounds the Earth in the Middle. 

A. Pray how far does the Sun decline from 
the Equinoclial at molt ? 

B. The Sun, from March 11 to June 11, de- 
clines from E to T, which is 23? 30, or 16335 
Engliſb Miles on theEarth's Surſace; then, from 
June 11 to Sept. 15, it returns again from T to 


the Eguinoctial E, from which it paſſeth to V, 


where 


3 6 


* „ 
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where it is found about December 10; and 
thence returns again to A by March 10. 

A. Then I ſee the Sun is neareſt London at 
T, at a mean Diſtance in A, and fartheſt of 
all from us at V. 

B. Yes, it is ſo: Now obſerve the Sun in the 
Meridian at theſe three ſeveral Places, T, /, V; 
then, becauſe the Earth turns each Day 
once round its Axis PD, the Sun in each of 
thoſe Places will deſcribe a Circle; one of 
which, v:z. the middle one, AQ, will be the 
Eguinoctial itſelf; and the other two, TR and 
VW, will be parallel thereto on either Side, 


and are the Tropics of Cancer and Capricorn. 


Do you underſtand me, Sir? 

A. Yes, pretty well; you mean, that the 
three Lines, TR, A, VW, repreſent the Path 
of the Sun from Noon in T, A, V, to Mid- 
night in R, Q, W, on Fune 10, March 10, 
and December 10, do you not ? 

B. Yes, you take me very right; now it is 
obvious, when the Sun has paſſed half Way 
from Noon to Midnight, it will be found in 
the Line PD, (the ſame here as the Earth's 
Axis) in the Points G, Y, M, and that then it 
is Six o'Clock; alſo, when it touches the Ho- 
rizon in XV, it there ſetteth from our Sight, 
and conſequently ferminateth the Day, and 
begius eth the Night, on theſe Days. 

A. Very well, Sir, I believe I fee your 
Concluſions already. 

B. Indeed, Sir, they are very evident: For, 
1. Suppoſe the Sun in & the Equinoctial, then 
it is apparent, that it will on theſe Days, vix. 
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226 The PuiLosoPHICAL GRAMMAR. 
March 10, and Sept. 12, be in the Horizon Y 
preciſelyat Six o'Clock; and therefore his Path 
by Day AY, will be juſt equal to the ſame by 
Night YQ. 2. Suppoſe the Sun at T, as on 
June 10, then it is at Six o' Clock in G above 
the Horizon a great Way; but it deſcends the 
Horizon at X; and therefore the daily Arch 
TX is longer than the Arch by Night XR, by 
the Difference GX. 3. Suppoſe the. San i in 
V, then the diurnal Arch VZ is juſt as long as 
the nocturnal Arch XR before, and the noc- 
turnal Arch ZW is here the ſame Length with 
the diurnal Arch TX, in the foregoing Calc, 
Do you underſtand me hitherto ? 

A. Yes, I believe I do: As the Sun declineth 
from & to T, and back again, the Length of 
Days exceeds the Length of Nights, in as 
much as it mult paſs fome Diſtance beyond 
the Six o'Clock Line GY, before it can come 
to the Horizon; and on the contrary, while 


it is between AE and V, it meets with the Ho- 


rizon before it comes on the Six o'Clock YM, 
and therefore the Days are ſhorter than the 
Nights, by juſt fo much as the Nights are 
ſhorter than the Days in the other Caſe : This 
is what you mean, is it not? 

B. Yes, the very ſame: I have only this to 
obſerve, that the farther you. go Northward, 
the greater is the Difference or Inequality of 
Days and Nights ; and the contrary. 

A. That I alſo perceive plainly from the Fi- 
gure; for the nearer HO inclines to AQ, the 
greater will be TX, and the leſſer VZ, or the 
greater will be GX, or MZ, the ene of 

Day 


ſe. 
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The Twilight. 3 


Day and Night: But, pray, what means that ob- 
ſcure Part of the Night, comprehended be- 
tween HOAB, which is neither dark nor light? 

B. It is the Crepuſculum, or what we call the 
Troiligbt, the Line AB being 18 Degrees be- 
low the Horizon HO, and during the Time 
the Sun paſſeth from HO, to AB, in the Pa- 
rallel of any Day, his Rays, are partly refract- 
ed by the Atmoſphere; and ſo we have ſome 
faint Light 'till he gets below the Limit AB, 
when we are left in total Darkneſs. 

A. I underſtand you mean, it isTiigt while 
the Sun paſſeth from X to R, from Y to 8, and 
from Z to M, on the Day the Sun deſcribes the 
Parallels TR, EO, and VW] do you not? 

B. Ves, I do; and hence, at London, you 
may obſerve that when the Sun is in T, that 
is, in the Tropic of Cancer, there is no dark 
Night at all; for the Parallel of that Day 'TR 
doth not touch AB, nor will it for about 
a Month before and after ; that is, from May 
11, to July 10, there is no dark Night. 

A. Pray, when doth the ſhorteſt Twilight 
happen in all the-Year ? 

B. On October 1, and February 19 ; for 
then the Sun deſcribes the Parallel, whoſe 
diſtance eo is the leaſt, between HO, and AB, 
of any other whatſoever “. 

4. Well, Sir, I thank you for your Labours 
to rectify my Notions of Day, Night, Twilight, 
&c. of which, tho' they are common Things, 

See the Method of inveſtigating the ſhorteſt Twiligot in 


Dr. KeilÞ; Aſftronom, Lect. XX. Page 239. 
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228 The PritLosoPnical GRAMMAR, 
yet, I never had a good Notion before now: Nor 
do I yet well conceive the Reaſon and Manner 
cf the various Changes and] Viciſſitudes of the 
Seaſons which happen through the Year ; and, 
if you could repreſent this to me in a Figure, 
I ſhould be greatly obliged to you. 

B. I have contrived a Scheme for that ver 
Purpoſe (Fig. XXX. on Plate XIX, fronting 
p. 228.) which pleaſe only to view very care- 
fully, and you will fee therein a natural Re- 
preſentation of a whole Year. 

A. Sir, I obſerve it with all Diligence, and 
ſee ſeveral Things therein very remarkable: 
But yet, I beg you would pleaſe to point them 
out in the natural Order, in which they ſhould 
be conſidered, that I may the better apprehend 
the Deſign of the whole. 

B. That I will; and i, you obſerve in the 
Center of the Scheme is placed the Sun S; about 
which, at a great Diſtance, is the circular Orbit 
of the Earth, called the Zodiac, divided into its 
12 Signs, viz. Y, 8, I, S, N, mw, =, Sc. in 
which you ſee the Earth in four ſeveral Poſi- 
tions; the fir/t in Aries Y ; the ſecond in Cancer 
S ; the third in Libra; the fourth in Capri- 
con; W within this there is a dotted Circle 
of Months, ſhewing the Time of Year when the 
Earth is in any Part of her Orbit: Now with 
regard to the Earth itſelf, you ſee its Poſition 
every where is ſomewhat inclined to the Plane 
of her Orbit; that is, the Earth's Axis NS doth 
not ſtand perpendicular to the Plane of her Mo- 
tion, or (which is the fame) is not parallel to 
the Axis of the ſaid Plane, but makethan Angle 
therewith equal to the Angle made by the In- 
| terſection 
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The Seaſons explained. 229 


terſection of NS with AK; for this AK 
you ſee is always a Diameter of that Circle 
which boundeth Light and Darkneſs on the 
Earth's Surface, and is every where perpendi- 
cular to the Plane of the Earth's Motion, or pa- 
ralle] to the Axis of that Plane. Now the 
Earth's Axis, thus inclined, is every where pa- 
rallel to itſelf; that is, the Angles NVA in the 
firſt, and NSA in the /econd, NA in the bird, 
and NA in the fourth Poſition of the Earth, 
are all equal to each other, and ſo are equal in 
every other Poſition through its Orb. The 
Quantity of this Inclination or Obliquity of the 
Earth's Poſition is 66 Degrees 30 Minutes, 
equal to the Angle NR, Sc. Now it is evi- 
dent, that, by Means of this parallel Inclination 
of the Earth, the North and South Parts of the 
Earth, or its Poles N and 8, will be ſometimes 
nearer the Sun, ſometimes farther off, and 
ſometimes each Pole will be equally diſtant 
from the Sun; and from hence we ſhall ſee the 
Reaſon of, and how the Seaſons are all pro- 
duced. For, 1. In the / Poſition of the 
Earth in Aries v, about the 12th of September, 
and in the Fhird Poſition in Libra, in March 
the 1oth, it is evident the Sun doth there en- 
lighten the Earth from Pole to Pole, or the 
Circle bounding Light and Shadow doth then 
paſs through the Poles, and conſequently at 
equal Diſtances from the Equator AQ (in 
which the Sun then appears) the Sun's Heat 
will be equal on both Sides ; and thus an E- 
quality of Days and Nights, joined with a mean 
Proportion of Heat, conſtitute thoſe 7209 Sea- 
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230 The PulLOSOPHICAL GRAMMAR, 


ſons of the Year, we call Spring and Autumn. 


2. Again, in the uit Polition of the Earth 
in W, about the 1oth of June, when the Sun 
will appear in the oppoſite Sign Cancer &, it 
is plain the Noth Pole N, and all the Parts 
about it to the Diſtance of A, will be ſituated 
neare; towards the Sun than before; and all the 
South parts removed farther from the per- 
pendicular Rays thercof. The perpendicular 
Rays of the Sun here fall on R, which is 
diſtant from the Equator Q Northward 239 
309; and therefore all Places in North Lati- 
tude, receiving the Sun's Rays nearer their 
Vertex, or Zenith, will find a greater Degree 
Heat, and a longer Continuance of his Light 
by Day, and therefore have now their Summer, 
as at London, while all the Inhabitants of 
Southern Latitude have their Winter. 3. 
Laſtly, in the /econd Poſition of the Earth in 
S, the Sun will ſeem in Capricorn w: It is 
manifeſt the North Parts will here be in Dark- 
neſs, and have their Minter, as they in South 
Latitude had theirs, in the laſt Pofition ; that 
is, by being removed farther from the Perpen- 
dicularity of the Sun's Rays; and under the 
Obliquity of the Sun's Rays the Heat is dimi- 
niſhed, and alſo the Duration of his Light by 
Day; which together ' muſt cauſe Winter in 
all the NNertbern Latitudes. I hope you have 

underſtood me through this long Harangue ? 
A. Indifterently I have; and can eaſily ſee 
from this Schemethe Reafon why we muſt have 
thoſe Viciſſitudes of Seaſons, as you have ex- 
plained it: But I really thought Summer "ap 
been 


Diſtance of the Sun in Summer and Winter. 2 3 


been occaſioned by the Sun's being very near 
us, and the Vinter by his going farther from 
us, till I ſaw you aſſign other Reaſons for it. 

B. Aye, that is the general Miſtake of com- 
mon People, they think the Sun is really 
nearer in Summer, and farther off in Minute,; 
when the truth is juſt the contrary, for the 
Sun is much nearer in the Vinter to our Earth 
than 1t 1s in the Summer. 

A. This is a frange Paradox, indeed; pray 

how do you make it out ? 
B. Nothing is more eaſily proved; for look 
once more on the Scheme, and heed it well, 
and you will ſee the Earth's Orb is not a 
Circle, but an Oval, whoſe longer Diameter is 
S S W, in which the Sun is; but much nearcr 
G, in which the Earth is at Minter, than w, 
its Place in Summer. 

A. I underſtand you very well, /; you 
mean, the Diſtance SP is leſs than the Diſtance 
SR; which I did not before obſerve indes 
though I might, for it is obvious enough. 

B. It is right, 1 ſee you apprehend me well ; 
and therefore you will allo underſtand, that 
the Summer half Year is ſomewhat longer than 
the Winter halt Year; that is, the Part of the 


3 


Earth's Orb = y Y 1s greater than the other 


Part S = y, and therefore more Time will be 
requiſite to paſs the Summer half Year than 
the //inter, by about eight Days; and hence, 
allo, the Sun will ſeem to move ſomewhat 
ſlower in the Summer than in Winter®. 


For a much larger and clearer Illuſtration and Repreſenta- 
tion of theſe Matters, ſee my large Print, entitled, Synops15 
SCLIENTI COELESTIS; or, The Knowledge of the HEAVENS 
and the E ART H diſplayed. 
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A. All theſe Things evidently follow indeed, 
Sir, from the Conſideration of theEarth's Orbit 
being an- Ellipſis: But I am not fully ſatisfied 
about the Sun's Heat being ſo weak and faint 
in the Winter, when the Sun is really neareſt 
to us; and ſo very ſtrong and intenſe, when 
the Sun is really farther by much from us. 

B.You will ſoon ſee the Reaſon of that when 
you conſider, 1. That it is not the Rays which 
fall on us, but thoſe which are reflected back 
from the Earth's Surface, that chiefly heat us, 
2, That thoſe which fall on us moſt directly, 
or neareſt to the Perpendicular, are the moſt in 
Quantity, and act on us with the greateſt Force: 
Thus, in Fig. XXXII. on Plate XXI, fronting 
Page 234, the Rays of the Sun, on the longeſt 
Day of Summer, fall on London, under the ; Fa 
gle TLO,in Spring, or Autumn, under the An- 
gle ELO, and in the Midſt of Winter, under 
the Angle VLO, and the Quantity of thoſe An- 
gles are reſpectively 659, 38? zol, 5 I ; Where» 
fore the Force pf the IN s Rays, in each of 
thoſe Caſes, ſhall be proportioned to the Sines 
of thoſe Angles, which are, as 88294,622 51, 
and 25881; that is, 10,7 Ve, 3, nearly, for thoſe 
Numbers are in Proportion to the Sines TA, 
BB, and VC, of the aforeſaid Angles : The 
Quantity of the Rays alſo falling on the fame. 
Extent of Surface is greater or ſmaller, as their 
Obliquity is leſſer or greater, and ſo the Inten- 
ſity of Heat is greater "and {ſmaller ; and there- 
fore the Sun's Heat in Minter mol be weak- 
eſt, becauſe then the Sun's Rays fall moſt ob- 
liquely on us. Beſides, 3. That Rays of the 
Sun paſs through a much greater Part of the 
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Of the Difference of Heat and Cold. 233 


Atmoſphere in the Winter than in Summer (as 
is evident from viewing the ſame in the ſecond 
and fourth Poſition of the Earth in the Scheme 
and therefore muſt be, when arrived to us at 
L, more weak and faint, in the fitſt, than in 
the latter Caſe “., A, Sir 


* 1, The Numbers above, viz. 10, 7 , 3,ſhew the comparative 
Intenſity of Heat of the Sun's Rays, under the ſeveral Altitudes 
TO, AO, and VO, ſimply, or in themſelves conſidered ; but if 
we would know what Proportion all the Heat of one whole Day 
bears to all the Heat of any other, it is a Problem of another ſort. 

2, This Proportion 1s expreſſed by the Areas of two Figures 
ABC and DEF (in Fig. LXI. on Plate XX, fronting p. 233.) the 
Baſes of which, AB and DE, are the Times of the Sun's Con- 
tinuance above the Horizon; and the Perpendiculars erected 
thereon, and connected by the Curves ACB and DFE, are the 
Times of his ſeveral Altitudes for the given Days; that is, the 
Heat of one Day is to the Heat of the other, as the Sum of all 

| the Sines of the Sun's Altitude on the firit Day, is to the Sum 
of al! the Sun's Altitudes on the other, 

3. But to expreſs this more readily for any Day, the incompa- 
rable Dr. Halley has invented a general Rule or. Canon, which 
he has given with its Demonſtration in Philo/oph, Tranſ. Ne 203, 
which, as being very curious and 1mportant, I ſhall here ex- 
plain and exemplify. 

4. The Rule is : Multiply the Sum of the Sines of the Meri- 
dian Altitudes in any two oppoſite Parallels into the Sine of the 
Semidiurnal Arch ; alſo multiply their Difference into the ſame 
Sine; the Sum of theſe two Products for the Summer, or their 
Difference for the Winter, is as the Sum of all the Sines of the 
Sun's Altitude, or as the Heat of the Day propoſed. 

5. For Example: Let the Proportion of Heat be ſought for 
the to th of June and December, when the ſun is in the Tropics 
of Cancer and Capricorn, for the Lat of 519 32. Then, 

Nat. Sines. 

The Sun in Cancer, Mer. Altitude is TO=61? 58, 882674 

TheSun in Capricorn, Mer, Altitude VO=14* 58=,258257 


The Sum of theſe Sines is — — 1140931 
Their Difference is — — 0,024417 


'The Mot. from 12 to 6 1s 
The Aſcen. Diff. is then 311 
The Sum is the Semidiur. Arch „„ 
for the Summer Day 123” 11268 Sine 
The Dif. is the Semidi. Arch 3 o, 836923. 
for the Winter Day : $0" 49 SV)” 
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Table here adjoined. 
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A. Sir, you need ſay no more; Iam ſufi- 
Ccicntly convinced there is abundant Reaſon for 


the 


Again, the Radius being — — I,000000 
'The Circumference of the Circle will be =6,28318; 
And the Meaſureof the Summer Arch 12311 =2,149955 

And the Meaſure of the Winter Arch 55 49“ =0,99168z 

6. Having thus prepared the Numbers, then, according to 
the Rule the Product of 1, 140931 by o, 836923 added to the 
Product of 0,624417 by 2, 149955, is equal to 2,29734, which 
expreſſes the Heat of the Summer's Day. In like manner, 
1,140931 by o, 8 36923 ſubtracted from 0,624417 by o, 991683, 
leaves o, 33895 for the Heat of the Winter's Day. But theſe 
two Numbers 2, 29734 and o, 33895 are to each other very 
nearly in the Ratio of 7 to 1, which ſhews that the Quantity 
of Heat on June the 10th is ſeven Times greater than that on 
December the 10th, all other Circumſtances being alike. 

7. According to this Rule Dr. Sunꝰs De. North 
Keil! has computed the Heat of 
the Sun for every five Degrees of 
its Declination North and Sous, 
at the Latitude of 51 0'as in the 


South, 
clination. 


o 1. 25824J1.25864 
5 1.473931. 04839 
10 1.692930. 84508 
15 1.914890. 6591 
20 2 119190346916 
2342 2.299100. 37980 


3. Dr. Halley did alſo from this |Lat. Sun in Sun in Sun in! 
Rule calculate the annexed Table, 592 5 yy 
ſhewing the Degree or Quantity of— . ñł3l3 
Heat at every ten Degrees of La-| O 20 1834118341 
titude for the Eguinoctial and Tro.| 10 19690 20290 15834 
ical Sun both Summer and Win-] ,, 18794 | 21737 | 13166 
ter from whence alſo an Eſtimate 301732102265 110124 
May be made for the intermediate 40 15221 23048 6944 
Degrees. co 1285522991] 3799 

60 [10000|22773 | 1075 
70 | 684023543 ooo 
80 3473|24073| 000 
go | cooo|250;5 ooo 


9. From thefe two Tables Dr. K:://has well obſerved the Ad- 


vantages ariſing from the preſent 94/;que Courſe of the Sun in the 
Ecliptic, above what could have been enjoyed had the Earth had 
2 right Poſition, or the Sun moved continually in the Equi noctial 
Line, as Dr. Burnet, and ſome other Theoriſts, pretend it did. 
10. For 
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the Differences of Light and Heat, and all the 
Variety of Seaſons through the Year, though I 
never was ſo happy as to underſtand it before: 
We will now proceed to diſcourſe of the inter- 
nal Subſtance of the Globe, if you pleaſe ; for 
| I have ſeveral Matters of great Importance to 
enquire of you about, relating to its Conſtitu- 
lion, Texture, and various conſtituent Parts. 

B. Sir, none will more gladly take the 
Pleaſure to reſolve you, according to the Judg- 
ments of the beſt Philoſophers of the Age, 
than your humble Servant : Pray therefore 
make a Beginning. 


10. For from the firſt Table it is evident, the Sum or total 
Heat, which the Earth receives in Lat. 51“ N. while the Sun 
deſcribes any two oppoſite Parallels, is greater than the Heat 
of two Equinoctial Days there; for Example, the Heat of the 
Sun in the 2oth Degree of North Declination js 2,13919, and 
in the 20th Degree of South Declination, it is o, 46916, the 
Sum of both theſe, is 2,60835, which is greater than 2,51728, 
the double of the Heat of an Equinoctial Day 1, 25864. And, 
by the ſecond Table, it appears all Latitudes beyond 45 De- 
grees enjoy this Benefit, and they alone need it. 

11, Again, the ſame Gentleman proves that the Torrid Zone, 
andto near 46 Degrees in the Temperate Zones, the Heat of 
the Sun is % in the preſent Caſe than it would have been in 
the other. Thus the Sun's Heat deſcribing both the Tropicks, 
to thoſe under the Equator, is twice the Number 18341, vix. 
36682: but the Heat of two Equinoctial Days is 40000, 
which is a great deal more than the other, and therefore the 
preſent Poſition of the Earth is moſt convenient for them, and 
conſequently for all the people of the Earth, and proves it to 
be that which it firſt received from the Hands of its A!l-avi/e 
Fermer. Sce Dr. Keills Exam, of Dr. Burnet's Theory of the 
Earth, p. 70 to 76. | 


Ar. 
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GEOGRAPHY, or the PHIILOSOPHY of the 
ConNsSTITUTION, TEXTURE, and con/tity- 
ent PARTS of the EARTH, deſcribing the 
Various STRATA'S of EARTHs, Foss1Ls, 
MINERALS, METALs, STONEs, and other 
ſubterran eous SUBSTANCES, 


A. RA, what is the internal Make and 
Conſtitution of the Globe of our Earth? 
B. The Earth, generally ſpeaking, is con- 
ſtituted of the two Subſtances of Earth and 
Water; the Water, as the lighter Part, poſſeſ- 
ſing the greateſt Part of its Superficies ; and 
the Earth being the heavier Body, making up 
the internal Compoſition ; about which it is, 
J preſume, you here ſolely enquire *, 
A. Yes, what I would know is, of what the 
internal ſolid Body of the Earth doth conſiſt ? 
B. To this I can only anſwer, that ſo far as 
it is within our Scrutiny near the Superficies, 
we find it to conſiſt of different Strata, or Lay- 
ers of Earths, Minerals, Metals, Ores, Stones, 
and various other compound Bodies both hard 
and ſoft: But what the more internal Parts or 
Compoſition of it may be, we can tell but very 
little: However, the deeper you go, the ſolider 
and more compact you find its Matter to be, 
and the more firmly and ſtrongly does it co- 
here together ; yet it is very certain, that with- 
in the Entrailsof the Earth are many Caverns, 
Receſſes, Windings, Conveyances, and vaſt Re- 


* See a noble Deſcription of the firſt Formation of the Earth 


and the Heavens from their Chaotic State, in Owid's Princip. 
Metamorph. Lib. I. and Milton's Paradiſe Loſt, Book III. ver. 
709; and Book VII. ver. 216, to the End. 


5 ceptacles 
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ceptacles of Water, ſulphureous Subſtances,” &c. 
which areoften the Cauſe of Earthquakes, and 
ſupply Vulcanoes with their fiery Eruptions, as 
Mount Atna, &c x. 

A. What do you ſuppoſe to be in the very 
Middle of the Earth ; that is, in and about its 
Center? 

B. No body can certainly tell; the Earth's 
Center 1s near 400 Miles from us, and we can 
penetrate towards it but a few Fathoms; how 
very unlikely then is it, we ſhould know 
any Thing at ſuch a vaſt and impervious 


Sir 1/aac, mentioning ſeveralExperiments made with com- 
buſtible and exploſive Subſtances, ſays ; —“ By theſe Experi- 
% ments compared with the great Quantity of Sulphur with 
« which the Earth abounds, and the Warmth of the interior 
Parts of the Earth, and hot Springs, and burning Mountains, 
and with Damps, mineral Coruſcations, Earthquakes, hot ſuffs- 
« cating Exhalations, Hurricanes, and Spouts, we may learn, 
« that /ulphureous Streams abound in the Bowels of the Earth, 
© and ferment with Minerals, and ſometimes take Fire with a 
« ſudden Coru/cation and Exploſion, and if pent up in ſubterra- 
e neous Caverns, burſt the Caverns with a great Shaking of 
e the Earth, as in ſpringing of a Mine. And then the Vapour 
generated by Exploſion, expiring through the Pores of the 
« Earth, feels hot and ſuffocates, and makes Tempeſt: and Hur- 
« »;canes, and ſometimes cauſes the Land to /Jide, or the Sea to 
* boil, and carries up the Water thereof in Drops, which by 
„their Weight fall down again in Spouts. Allo ſome /ul- 
* phureous Streams, at all Times when the Earth is dry, 
e aſcending into the Air, ferment there with nitrous Acids, and, 
* ſometimes taking Fire, cauſe Lightning and Thunder, and 
* other fiery Meteors.” Optics, Book III. Query 31, 

See ſeveral ſurprizing Accounts of Water-Spoutsin the Medi- 
terranean, in Philoſ. Tranſ. Ne 277. Two in Yorkſhire, Ne 281, 
284, One in Lancaſhire, Ne 363. Another in the Downs, 
Ne 270. That the Reader might have ſome Idea of theſe 
Spouts, I have here given the Figure of one, Fig. LXII. on 
Plate XX, fronting p. 233, where AB is the Cloud whence pro- 
ceeds the curved black Spout C; D 1s the Water of the Sea, 
which at the Spouting of the Cloud boils up, and riſes in the 
Form of a ſolid Pillar to meet the Spout ; GG is the Water of 
the Pillar, or Column D, ſcattered round about the ſame like 
Smoke or the Fallingofa Jette d Eau; EFis theSurfaceof the Sea. 


Diſtance ? 
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Diſtance? However, the learned Dr. Halley has 
made it very probable, that a great magnetic 
Body, or Load Stone, doth poſſeſs the central 
Parts of the Earth; which occalioneth the 
Variations and Declinations of our magnetic 
Needles, which always conform themſelves to 
the Site and Direction of this central Magnet, 
or Load- Stone; which is ſuppoſed to deviate 
from the North and South Points, and from 
the horizontal Poſition, with reſpect to us“. 

A. If that be fo, it is very wonderful, and 
a noble Diſcovery : But, pray, what is it binds 
the ſeveral Parts of the Earth, or makes them 
cohere ſo cloſely together? 

B. The Coherence of the Barth is entirely 
owing to the Power of Gravity, or the Weight 
of its conſtituent Parts; whence, as I before 
faid, it is reaſonable to believe the moſt weigh- 
ty and ſolid Bodies lie neareſt the Centre of the 
Earth, as being the Centre of Gravity itſelf. 

A. Well then, fince the more interior Parts 
of the Earth are ſolittle known, we leave them, 
and content ourſelves with what is to be known 
near tne Superficies of it on which we live; 
and, pray, what do you firſt obſerve thereof? 

B. That it does conſiſt of Bodies of a he- 
terogeneous or difterent Nature intermixed 
with one another of different ſpecific Gravi- 
ties, diſpoſed in Manner of Beds, which are 
called Strata or Layers of Earth, Stones, Mi- 
nerals, &c. one under another. 


See a large Diſſertation on this Subject, and the whole 
Theory of the Magnetical Variations of the Needle, by the ſaid 
learned Dr. Halley, in Philaſ. Tranſ. No 148 and 195, or the 
ſame tranſeribed into Harris's Lexicon, underthe Word Variation. 


A. Pray 


„ 
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A. Pray in what Order do theſe Strata, or 
Beds of Earth, &c. lie among themſelves? 

B. That they do not lie in Order of their 
ſpecific Gravities, is evident (and ſo not ever 


where alike) from the order of thoſe obſerved. 


in digging a Well at Amſterdam 232 Feet 
deep; which was thus ; ſeven Feet of Garden 
Mould; nine of Turf, or Peat; nine of ſoft 
Clay; eight of Sand; four of Earth; ten of 
Clay ; four of Earth; ten of paving Sand; two 
of Clay; four of white Lome; five of dry 
Earth; one of muddy Earth ; fourteen of 
Sand; three of a Sandy Clay; five of Sand 
mixed with Clay; four of Sea-Sand mixed with 
Shells; then 102 of Clay together ; and, laſtly, 
thirty-one of Lome: Thus you lee the different 
Make of the outward Parts of the Earth, 
which is very different in different Places. 

A. Pray how came the Diſpoſition of thoſe 
various Strata, or Beds of Earth and Minerals? 

B. This is not known as to the Time; 
ſome ſay at the Creation, others at the Flood; 
others ſuppoſed, that in the chaatie State of the 
Earth the heavier Bodies ſublided, and lay in 
this Order by the Laws of Gravitation; but 
Experience rather contradicts than confirms 
this Hypotheſis. 

A. What Diſtinction, or Diviſion, do you 
make of earthy Subſtances or Bodies ? 

B. They may be reduced to thoſe general 
Heads: 1. Earths,j2. Ores. 3, Foffils. 4. Mi- 

* See Varren. Geog. Gener. Lib. I. Cap. 7. Prop. 7. Alſo 


read Dr. Woodward's Natural Theory of the Earth; and Dr. 


Arbuthnot's Examination thereof, and his Compar! * of Dr. 
Wodward's and Steno's Hypotheſes, which is well worth the 
Reader's peruſing. 


* 
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nerals. 5. Metals. 6. Stones. 7, Extraneous 
Bodies or Subſtances. 

A. What do you include under the firſt ge. 
neral Head of Earths ? 

B. All thoſe ſofter earthy Subſtances we call 
Clay, Lome, Marl, Sand, and different Species 
of Earths, as Terra- Taponica, Lemmia, Arme- 
nia, &c. | 

A. Pray what do you think to be the Cauſe 
of thoſe Differences of earthy Subſtances now 
mentioned ? 

B. The Reaſon why they are differently 
hard, ſoft, coloured, qualified, &c. ariſeth 
from different Degrees of the univerſal and 
ſpecific Properties of the original conſtituent 
Particles of Matter, which each different Spe- 
cies poſſeſſeth in a different Meaſure ; and this 
is the moſt that can be known of this Matter. 

A. What do you include under the ſecond 
Head of Ores ? 

B. Thoſe Earths which contain conſiderable 
Quantities of metallic Particles ; being that 
which is dug out of Mines, and whence Me- 
tals are extracted, and is denominated accord- 
ingly, as Gol/d-Ore, Silver-Ore, &c. 

A. How came the Earth to be enriched 
with the Seeds of thoſe metallic Subſtances ? 

B. No doubt by the all-wiſe Creator, for 
the manifold Uſes of Mankind. 

A. What terreſtrial Bodies do you intend 
by Fofiils ? | 

B. Though Foffils be a general Name for 
every Thing which is dug out of the Earth; 
yet I here intend thereby, 1. Salta, 2. — 

an 


2 — — 
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and ſuch like Bodies, which cannot be ſo well 
reduced to the Heads of Minerals, Metals, and 


Stones k. | 


A. What is the Nature of Salt, and the 
Kinds of it? | 

B. Salt (ſaith Monſ. Lemery } is a fixed in- 
combuſtible Subſtance, that gives Bodies their 
Conliſtence, preſerves them from Corruption, 
and renders Bodies ſavoury more or leſs as 
it is diverſly mixed in them ; there are various 
Kinds of Salts, as fixed, volatile, eſſential, and 
foſſile; and ſaline Subſtances, as Alum, Borax, 
Mitre, Tartar, Vitriol, and Sal Ammoniac+. 

A. Pray give me ſome ſhort Account of the 


Nature of theſe ſeveral Kinds of Sa/ts. 
B. I will, but it muſt be very brief, for 
want of Time. 


* The great Boerhaave diſtributes Foſſils into two Kinds, 
Simple and Compound. 

Simple Foffilsare ſuch whoſe parts, howſoever divided, are all 
of the ſame Nature; that is, of the ſame Gravity, Magnitude, 
Figure, Hardneſs, and Mobility ; of theſe he reckons four 
Sorts, wiz. Metals, Salts, Stones, and Earths. 

Compound Foſſils are thoſe which may be divided into diffe- 
rent or diſſimilar Parts, or are of different Figure, Weight, Mag- 
nitude, &c. and theſe are, (I.) All hard Sulphurs, as Brimſtone, 
Arſenic, Orpiment, Bitumen, Aſphaltum, &c. (2.) All liguid Sul- 
phurs, as Diſaſphaltum, or F ew's Pitch, Naptha, A &c. 
(3.) Semimetals, or Minerals. (4.) Bodies eombined out of the 
preceding Foils, either ſimple or compound. New Methed of 
Coymiſtry, Page 54. | | 

+ Dr. Boerhaave's Definition of Salt is this: Salt 7s a foffile 
Body, fufible by Fire, and congealabl: again, in the Cold, into brite 
tle Glebes or Cryſtals; ſoluble withal in Water, ſo as to diſappear 
therein; never malleable; and having ſomewhat in it awhich 10 the 
Organ of Taſte affords a Senſation of Acrimony or Sharpneſs. 
Theor, of Chymiſtry, Page 105. 

Alſo in Page 113, he faith, the Elements or common Princi- 
ples of Salt are an acid Spirit, and an inpid Earth, into which 
all are reſoluble but the ſimple Foſſils, as Salr-Petreand Borax, 


1. Foffele 
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1. Foffile Salt, is that which is called Sal 
Gem, by reaſon of its Tranſparency, and is 
altogether like the Salt we uſe with Food, it 
is dug out of the Mountains in many Places, 
as Ruſſia, Poland, Catalonia, Perjia, and in 
the Indies. 

2. Fixed Salt, is that which remains after 
Calcination, and doth not riſe, or is not rare- 
fied and exhaled by Heat. 

3. Volatile Salt, is that which eaſily riſeth, 
and flieth off in inſenſible Steam and Vapour 
ſuch are the Salts of Animals. 

4. Effential Salt, is that which is obtained 
from Plants by Cryſtallization ; and is a natural 
Salt between fixed and volatile. 

5. Alum, or Roch Alum, is a very binding 
Salt, found in the Veins of the Earth in many 
Places of Europe; being taken thereout in large 
tranſparent Pieces. 

6. Borax, a green- coloured mineral Salt, 
found in the Veins of Braſs, Silver, or Gold 
Ore. : 

7. Nitre, or Salt-Petre, is a Salt impreg- 
nated with abundance of Spirits out of the Air, 
which renders it volatile; it is found among the 
Stones and Earths of old Buildings; and is 
ſometimes generated from Urine falling on 
Stones, Cc. It is the Spirit of this Salt that 
kindles the Sulphur into a Flame in Gunpow- 
der, Lightning, &. 

8. Tartar, is a terreſtrious Matter, or earthly 
Salt, which ſticketh to the Sides of Veſſels, be- 
ing ſeparated from the Liquor by Means of its 
Fermentation; as that in Wine Caſes, &c. 

9. VHitridl, 
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9. Vitriol, is a Feſſil, compounded of an acid 
Salt, and ſulphureous Earth; there are four 
Sorts of it: 1. Blue, found in the Mines of Cop- 
per in Hungary, and I/le of Cyprus. 2. Green, 
found in Germany, Italy, and England, z. 
White; and 4. Red Vitriol. This laſt was brought 
to us lately out of Germany, and is called na- 
tural Colcothar, or Chalcitis. 

10. Sal Ammoniac, 1s either natural or ar- 
tificial ; the Natural is found in many Parts of 
Africa, and very hot Places under the torrid 
Zone; the Artificial is made at Venice, and 
divers other Places, 

A. Pleaſe, in the next Place, to tell me what 
Sulphur is, and the Bodies you call ſa/phureous, 

B. Sulphur is an inflammable Faſſil, found in 
many Places in Europe, eſpecially in Siciĺ; is 
of two Sorts: 1. The Greyiſb, called Quick-Sul- 
pbur ; it is a Sort of Clay, apt to crumble, ſoft, 
and ready to take Fire; it conſiſts of an Oil, an 
acid Salt, and Earth. 2. Yellow, or common 
Sulphur, called Brimſtone; this containeth much 
Oil, an acid vitriolic Salt, and but little Earth. 

A. Pray, Sir, what do the Cymiſis mean 
by that Principle they call Sulphur ; not Brim- 
ſtone ſure, do they? 

B. No, no; they mean an Oz}, which is 
called Sulphur, by Reaſon of its Inflammability, 
and is a ſweet, ſubtile, unctuous Subſtance, 
which is ſaid to cauſe the Diverſity of Colours 
and Smells, and to give Beauty or Deformity to 
Plants, &c. according toitsDiſpoſitionin Bodies: 

A. What Bodies do you reckon amongſt 
the ſulphureous Kind ? 

Q 2 B. Theſe 
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B. Theſe following: Arſenic, Bitumen, and 
Its various Kinds, as Ambergreaſe, Aſphaltos, 
Naptha, Amber ; alſo Petroleum is reckoned 
of this Claſs. 

A. Pray rehearſe me alſo a ſhort Account 
of the Nature of theſe Bodies. 

B. I deſign it; which take as follows: 


1. Arſenic, is a foflile Subſtance, conſiſting 
of much Sulphur, and ſome cauſtic Salts ; it 
is of three Sorts, the white, or proper Ar/e- 
nic; the yellow, called Auripigmentum; and 
the red, called Sanderacha. 

2. Bitumen, is a Kind of Pitch, or ſlimy 
Clay; it is very much of the Nature of Su- 
phur, being very inflammable: It is of two 
Sorts, one liquid, which ſwimmeth like Oil on 
Water; the other more hard and compact, is 
dug out of the Earth. 

3s Ambergreaſe, is a Kind of Bitumen, found 
in many Places on the Sea-ſhore; it grows hard 
in the Sun-Beams; the beſt Sort is gray when 
dry, eaſily ſoftens in the Heat, and appears 
blackiſh when wet. 

4. Aſphaltos: This is that ſlimy bituminous 
Subſtance, of a purple Hue, which is found 
in the Lake of Sodom, or Dead-Sea, in the 
Land of Paleſiine ; from whence its Waters 
are faid to ſtink to that Degree, than no Fill: 
can live in them, nor the Birds in the Air 
fly over them, and live. 
5. Naptha, is another Sort of Bitumen, be- 
ing liquid; but ſomewhat more apt to take 
Fire, and is more hardly extinguiſhed. 4 
6. Am- 


Mt 7 2 122 
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6. Amber, is alſo a kind of coagulated Bi- 
tumen; though it is evident its firſt State is ſoft 
and viſcous, from the Flies, Ants, Straws, Ce. 
found 1n its Texture ; it is different in Colour, 
as white, yellow, and black; is found in ſmall 
Currents near the Baltic Sea, and the Dutchy 
of Pruſſia : It hath an electric Property; for, 
being rubbed, it will attract Hairs, Feathers, 
Straws, &c, | 

7. Petroleum, or Oil of Peter, is of a ſul- 
phureous Nature; it diſtils through the Clefts 
of Rocks in Italy, Sicily, and Provence; and 
ſeems to be an Oi of ſome Bitumen, which 
the ſubterranean Fires have raiſed, 


A, Sir, I thank you: I ſhould be glad, in 
the next Place, to be informed a little of thoſe 
Bodies of the fourth Head, called Minerals. 

B. Thoſe are ſuch Sort of Foils as are not 


inflammable, nor ductile, nor to be melted, or 


liquefied; but are hard and brittle, may be re- 
duced to a Powder, or, by Fire, calcined to a 


Calx; of which, the following are moſt worth 


Notice, 


1. Marcaſſite, or Biſmuth, is a metallic Mat- 
ter, white, ſmooth, hard, brittle, ſharp ; is 
of a ſulphureous Nature, like to Tin; it is 
diſpoſed | into Facets, or ſhining Scales, like 
Pieces of Glaſs ; hence called Tin- Glaſs. 

2. Antimony is a Mineral, conſiſting of a 
S/phur, and a Subſtance approaching to that of 
Metal, containing alſo (as it 1s thought from 
jts emetic Quality) an acid Salt; it is found in 

divers 
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divers Places, in Tranſylvania, Hungary, 
France, and Germany. 

3. Cinnabar is a Mineral, conſiſting of a 
Mixture of Quicgſilver and Sulphur, ſublimed 
together by Means of a ſubterranean Heat, in 
the ſame Manner as the Chymi/ts make artificial 
Cinnabar; it is, while in the Lump, of a 
browniſh Colour, but, when powdered, is of 
a very high red. 

4. Chalk is a mineral Earth, of a bituminous 

Quality, yet is an a/kal; Salt; is of a ſoft and 
friable Texture in many Places; and in others 
of a hard and maſly Subſtance, calied Quarry ; 
it every where abounds in Hills, Ridges of 
Mountains, and other Places. 

5. Coal; this is a Mineral, conſiſting of S/- 
pbur in great Quantities, mixed with a terreſ- 
trious Subſtance ; it is a Kind of a re/nous Bi- 
tumen, of a middle Conſiſtence, not eaſily in- 
flammable, yet will run and melt with Heat; 
its Texture 1s not ſoon deſtroyed by Fire, but 
1s thereby at laſt reduced to a Calx, or Cinder ; 
it is dug in great Quantities out of the Earth 
in England, and other Places, and ſerves 
chiefly for Fuel *. 

A. What is the proper Nature of Metals? 

B. A Metal is a ſimple foſſile Body, that 
Fuſes and becomes fluid by Fire, and by Cold 
coagulates and hardens into a ſolid Maſs, capable 
of diſtending under the Hammer. The Bodies 


The Principles of all Foſſils (ſays the ſame learned Author) 
are (1) Mercury, as the Baſis of many of them. (2) A utile 
Sulphur, which coagulates or fixes the Mercury. (3.) Salt; 
and (4) Earth, Theor. of Chymiſtry, Page 139. 
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to which this Definition belongs in every Part, 
are but x; viz. Gold, Lead, Silver, Copper, 
Iron and Tin; to which the Chymiſts add 
Mercury or Quicꝶſilver, tho it ſeems to be of 
itſelf a peculiar Species of Sunple Foffuls. 

Gold is the nobleſt of all Metals, and is di- 
ſtinguiſhed by the following Properties or Cha- 
racteriſtics. I. It is the heavieſt of all Bodies in 
Nature, and its Weight is inimitable. 2. It is 
the moſt ductile and malleable of all Bodies. 3- 
[tis the moſt fixed and pure, or laſes the /eaft in 
the Fire, of any Bodies. 4. It requires a vehe- 
ment Fire to fule it, tho' lets than Iron or Cop- 
per. 5. It is diffolvable in no Menſtruum but 
Aqua Regia and Mercury. 6. It readily and 
ſpontaneouſly attracts and abſorbs Mercury. y. 
It does not, when fuſed with Lead and Anti- 
mony, diſpoſe or fly off with them in Fume, but 
remains fixed. 8. Its Sound when pure is not 
clear, but rather o67u/e, like that of Lead. g. It 
is the /rpleff or freeſt from Mixture of hetero- 
gencous Parts, of all Compound Bodies yet 
known. Io. It is of a fine ye//ow colour, tho 
ſubject to alter and fade. 11. It is found ſome- 
time pure, in Glebe or Gold Clods, as in Hun- 
gary, and Mountains of Chili; ſometimes in a 
pure Duſt or Sand, as in the Bottoms of ſome 
Rivers in Guinea; and laſtly, in whitiſh C/ods dug 
out of Mines 150 or 160 Fathoms deep, inter- 
mixed with other minerals, as Antimon, Vitriol, 
Sulphur, & c. 12. Gold 1s liable to Ryft, as is 
found by holding it over the Fumes of Sea Salt. 
Theſe are the Criterions of Gold, and are all of 
them always found pertaining to that Metal. 
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248 The PniLosoPHICAL GRAMMAR. 
Mercury, by reaſon of its Weight, comes 


next to be conſidered ; its Characters are, 1. 
That it is the Havi‘ of all Bodies except Gold. 
2. It is the moſt uid of all Bodies; or its 
Parts ſeparate and recede from each other with 
the leaſt Force. 3. It is gots ?/ible into the minu- 

teſt Part of any Body. 4. It is extremely vo- 
latile, being convertible i wha Fumes, even with 
a Sand- heat. S. It caſily penetrates, and inti- 
mately adheres to Gold; not ſo eaſily to any 
other Metals; difficultly to Copper ; and not at 
all to Iron. 6. Of all other Fluids, it is found 
capable of the greateſt Cold and Heat. 7. It is 
yet, by Reaſon of its great Fluidity, incapableof 
congealing or freezing. 8. It diſſolves in almoſt 
all Acids, and unites itſelf with them. . It is 
the moſt fimple or unmixed of any Bodies after 
Gold. 10. It is /ree from any Sharpneſs or Acri- 
mony. I I. It is found in great Plenty in the Mines 
of Friuli in [taly, in the Form of ruddy Clods, 
called Cinnabar; in hard ſtony Glebes; and 
laſtly, pure, called Virgin Mercury, running in 
Veins and Streams bouts in the Mine. 

Lead, as to its Weight, comes next; whoſe 
chief Properties are, 1. That, next to Gold and 
Mercury, it is the beavzeſt of Bodies. 2. Of all 
Metals it is the tet, and therefore veryductile 
and flexible. 3. It melts the ſooneſt of all Me- 

tals. 4. It very 760% ty diſſolves in almoſt all weak 
Acids, but not fo readily in ffrong ones. 5. It 
diſſipates all Metals melted with it, but Go/dand 
Silver, or carries them off in Fumes. 6. Of all 
Metals it is the leaſt ſnorous, and diminiſhes the 
Sound of others when mixed with i it. 7. It E. 
2 tn 
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the leaſt Elaſticity of any Metal. 8. It is ſome- 


times found pure, but oftener in Mineral Ore, 
which is a Sort of blackith fatty Earth, difficult 
to fule. Of Lead Mines there are abundance 
in Germany, Hungary, and England. 

Silver hath the following Characters. 1. It 
is next to Lead in Werght, 2, Its Fixity is 
next to that of Gold. 3. As alſo its Ductility 
and Malleability. 4. Its Fuſibility by Fire is 
very eaſy, tho' more difficult than that of Go/d 
or Lead. 5. It is diſſolvable in Agua Fortis 
but not in Agua Regia. 6. It reſiſtetb the Force 
of Lead in Fujjon, or is not diſſipated in Fumes 
thereby. 7. It re//ts not the Force of Antimo- 
ny, but volatilizes and flies off along with it. 
8. It yields not much Sound when purified ; 
being /e/5 ſonorous than Tron or Copper, but more 
than Gold. g. Sz/ver is ſeldom found pure; 
ſometimes in the Ore of Gold, Lead, and Cop- 
per, but ofteneſt in a Kind of ſtony black 
Glebes, full of ſhining Streaks, as in the 
Mines of Peru and CHili. 

Copper is a Metal of the following Proper- 
ties or Characters. I. It is next to Silver in 
Weight. 2. It is very ductile when pure. 3. It 
is of a beautiful red Colour, exceeding that of 
Gold. 4. Its Fixity in the Fire 1s greater than 
that of Lead or Tin, butleſs than that of Silver. 
5. It is difficult of Fuſion, much more than Sil- 
der; yet ignites before it fuſes, which Silver 
does not. 6. It is diſſoluble by all the Salt Men- 
ſtruums known, whether Acid, Alkaline, or Ni- 
trous, yea by Water, Air, &c. 7. If it be diſ- 


ſolved 1 in Acids, it turns Green; in.d{kal;, 1 
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250 The PHILOSOPHICAL GRAMMAR. 
and by other Salts, Blue. 8. Its Divzſibility is 


very great and ſurprizing; for one Grain dil. 
ſolved, will tinge with Blue above 530620 
times its Bulk of Water. 9. It fhes off in Vapour, 
being fuſed with Lead or Antimony. 10. It is 
the moſt elaſtic; and 11. The moſt ſonorous of 
all metals. 12. Copper is every where found, 
but moſt abundantly in Sweden and Germany, 
where there are whole Mountains of it; but 
the recheft Ore is in the Mines of Hungary. 

N. B. Braſs is made of Copper thus : They 
calcine and pulverize Calamine, and mix it 
with a little Charcoal Duſt; then they put 
ſeven Pounds of this Mixture into a melting 
Pot, with about ive Pounds of Copper over 
it; then letting it down in a Wind-Furpace, 
after 11 Hours, it is drawn up again, the Brajs 
being completed in the Diſſolution. 

Tron is the Metal to which the following 
Characters belong. f. It is the heavieſt of all 
Bodies after Copper. 2. It is the leaſt ductile, the 


* hardeſt and moſt brittle of all Metals. 3. It is 


very fixed, as to its metalline Part. 4. It 7gnites 
long before it fuſes, and will not fuſe without 
Dificulty. 5. The more it is ignited, the ſofter 
and more malleable it becomes, contrary to the 
Nature of all other Metals. 6. It is diſſoluble 
by almoſt all Bodies in Nature, that have any 
Motion of Parts; as Fire, Salt, Air, Dew, 
Water, &c. 7. It is extremely rubiginous, or 
apt to contract Rut, by the Action or Corroſion 
of the aforementioned Bodies upon it. 8. If it 
be fuſed with Lead, Antimony, or fixed Salt, 
it readily diſſipates into Fume, or vitrefies. 9. It 

18 
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is very ſonorous and elaſtic, tho' inferior in theſe 


Reſpects to Copper. 10. Of all Bodies, itis the 
only one attracted by the Loadſtone,; and 11. 
It has a Kind of Magnetiſin, or is capable of 
attratting Iron itſelf. 12. Iron is found in 
Mines, which are very common in moſt Coun- 
tries in Europe; as Norway, Poland, Germany, 
France, England, &c. and its Glebe or Mer- 
caſſite bears a near Reſemblance to the Load/tone. 

Tin is diſtinguiſhed bythe Characteriſtics fol- 
lowing. 1. It is the Iighteſt of all Metals, and 
the heavieſt of all other Bodies beſide them. 2. 
It is the /of7e/# of all Metals but Lead. 3. It 
has the /eaff Fixity in the Fire of all Metals, and 
therefore loſes the mo/# of its Weight. 4. It is 
fufible by the leaſt gentle Fire, and that long 
before Ignition. F. It is eaſily mcible with 
other Metals, and diminiſhestheir Ductility, ex- 
cept in Iron. 6. It will not ie in Acids, 
eſpecially /trong ones, without much Difficulty. 
7. It is the /eaft ſonorous of any Metals but 
Lead; and yet it augments their Sound when 
mixed with them. 8. And tho! it is in itſelf 
very little elaſtic, yet when mixed with other 
elaſtic Bodies, it wonderfully increaſes their 
Elaſticity. g. Tin is principally found in Corn- 
wall and Devonſhire; and its Glebe or Ore is a 
heavy ſpongeous Stone. 

A. What are the Elements or Principles of 
which Metals confilt ? 

B. The Elementary or Component Principles 
of Metals are reckoned two, viz. Mercury and 
Sulphur ; Mercury as the Baſis or Matter of 
the Metal; and Sulphur as the Binder or Ce- 


ment, 
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ment, which renders it fixed and malleable, 


This Mercury is the ſame as common Quick}l- 


ver, but only the moſt defecate and pure that is 
poſſible. But by the Principle Sulphur is to be 
underſtood, not the vulgar fof/ile Sulphur, but a 


peculiar Sort of Matter called the Su/phur of 


Metal, which is ſuppoſed to be the Matter of 
Light or Fire, which uniting with Mercury, 
fixes it ; and according to the different Degrees 
of its Union and Coherence therewith, it pro- 
duces different Sorts of Metals: To this may be 
added, that a Burning-Glaſs will ſeparate a vi- 
trefiable Earth from any the moſt perfect of 
Metals: 

A. Well, S:r,I heartily return you Thanks; 
and if you are not tired with talking ſo long, 
I ſhould next be glad to hear you on the Sub. 
ject of the ſixth general Head, viz. Stones. 

B. No, Sir, I am never tired on the Sub- 
jets of Mathematics and Philoſophy ; and 
therefore I will go on to enumerate ſome of 
the principal Stones, and hint to you the par- 
ticular Properties of each of them. 


1. Marble, is a curious Subſtance, ariſing 
from an earthy Juice, well purged, concocted, 
and digeſted in the great Laboratory of the 
Earth; a Body very compact and hard, and may 
be calcined to Powder, but cannot be melted. 

2. Alabaſter, is a Kind of Marble, but more 
ſoft and friable, and is combuſtible like Lime, 
but as ponderous and polite as Marble itſelf. 

3. Porphyry, is another Species of Marble, 
variouſly coloured, ſomewhat lighter than 
Marble, yet very hard, 4. Flint, 
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4. Flint, is an exceeding hard Subſtance, 
generated from the pellucid Particles of Sand 
compacted together, and indurated ; and may 
be put into Fuſion ; whence Glaſs is made. 

5. Cryſtal, is a very pellucid tranſparent 
6 the moſt pure is found in the Tops of 
Rocks and Mountains, and dug out of the 
Bowels of the Earth alſo; it is not coloured, 
is ſofter than other Gems, and therefore 
ſhineth not much; it conſiſteth of an aqueous 
Subſtance, and is therefore eaſily liquefied and 
converted into Glaſs, ſaith Cardan. 

6. Adamant, or Diamond, is in Colour and 
Figure much like Cryſfal, generated in the 
ſame Manner; but its Hardneſs far exceeds 


that of all other Bodies; for it will cut and 


penetrate the Texture of any of them; it 
has an electric Quality, in attracting Straws, 
Feathers, Sc. being warmed by Attrition. 

Beryl, is a Stone, much of the Nature 
of a Cry/tal, of a faint green Colour; found 
at the Root of Mount Taurus, in the River 
Euphrates, and in the Indies. 

8. Smaragdus, an Emerald, of a lovely 
Green, and of ſo ſtrong a Luſtre, that it 
ſhineth in the Light of the Sun or Candles ; it 
is very tranſparent, and ſaid to tinge the Air 
with its Greenneſs. 

9. Carbuncle, is a precious Stone of tranſ- 
cendentLuſtre; being of a glowing fiery Colour, 
like a burning Coal, as the Name importeth. 

10. Ruby, ſo named for its noble red Colour, 
is the moſt valuable of all precious Stones next 


the Diamond ; it is ſaid to be firſt white, and to 
grow 
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grow red gradually from a ſanguine Juice, 
from which it 1s nouriſhed and generated at 
firſt. 

11. Hyacinth, or Facinth, is a Species of 
the Carbuncle, of a red-lead Colour; it havin 
its Name from a Flower of the ſame Coleur. 

12. Amethyſt ; this is near the Nature of an 
Hyacinth, is of a purple Colour, ariſing as it 
were from a Mixture of Red and Blue; they 
are very hard, and the harder the better. 

13. Sapphire (from the Hebrew "BD ſpecrous, 
beautiful) is a precious Stone of a lovely 
Azure, or ſky-coloured Blue, found in many 
Places in the Indies. 

14. Topaz; this precious Gem is reckoned 
to excel among all thoſe which ſhine with a 
golden Colour. | 

15. Sardius, a Gem called the Cornelian, 
or Cornelian Stone, from its fleſhy Colour; the 
beſt is found in Sardinia, whence the Name. 

16. Onyx, a Gem partly pellucid, ſo called, 
becauſe it expreſſeth the human Nail in Co- 
lour and Splendor. 

17. Sardonyx, is a precious Stone, ſome- 
what pellucid, and is thus named, as if 
made up of a Sardius and Onyx together; it is 
diſtinguiſned moſtly by black, white, and 


ſanguine Circles. 


18. Chalcedony, was formerly reckoned a 
Sort of Carbuncle, but is now referred to the 
Onyx; it is very hard, and of a light cloudy 
Colour through its whole Body. 

19. Achate; this is an opake Gem, yet 
ſparkling by reflected Light; and by various co- 

I loured 


Wonderful Properties of the Loadſtone. 255 


loured veiny Lines, reſembles Trees, Rivers, 
Animals, &c. beautifully on its-Surface. 

20. Faſper is, like the Achate, opake, and 
of various Hue; but the Green is the more 
general Colour of this Stone. 

21. Pearls are Jewels, or precious Stones, 
bred in the Shells of Fiſh ; of which there be 
various Kinds, not much to our Purpoſe here 
to recount *. 

A. But, Sir, I think in all your long Cata- 
logue of Minerale and Stones, you have not 
mentioned the Load/tone. 

B. No, Sir, I have not; the Reaſon is, be- 
cauſe this moſt wonderful of all Foflils hath 
always merited a particular Conſideration, 

A. Be pleaſed then, Sir, to oblige me with 
a ſhort Account of the Nature, and ſome of 
the chiet Properties of this Stone. 

B. The Magnet, or Loadſtone, is a Mine- 
ral found in Iron Mines, which is ſomewhat 
of the Nature of Iron, but 1s not malleable, nor 
will it melt, but may be reduced to Powder, or 
calcined to a Calx ; its Particles therefore are 
more rigid, hard and implicated, than thoſe 
of Iron. The chief Properties of the Magnet are 
theſe: 1. The Load/tone,atLiberty, doth always 
put itſelf in a Poſition, reſpectiug the Poles of 
the World, and the fame Parts always tend to 
the ſame Pole. 2. This Stone doth not pre- 


* Whoever would ſee more concerning Metals, Minerals, 
Stones and other Foſſils, may meet with great Satisfaction in 
Dr. Beerhaave's Chymiſtry, with Dr. Shaw's Notes, from 
Page 51 to 141 ofthe Theory; and in Dr. Fr. Nichol's Obſerva- 
tions on Mines and Minerals, in Philoſ. Tranſ. N 401, 
403. Weoodward's Nat. Hiſt of the World, Part IV. 
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ciſely point to the Poles of the Earth, but de- 
clineth a little Ea/#wward or Weſtward, more or 
leſs. 3. Two Loadſones, placed at a certain 
Diſtance, approach to, or recede from, each 
other, as they are variouſly placed. 4. Load- 
flones do lo attract each other, as to ſuſtain one 
another pendent in the open Air, provided the 
North Pole of the one be oppoſed to the South 
Pole of the other. 5. Sometimes a lighter Mag- 


net will ſuſtain a heavier one pendent, though 


a heavier Magnet will not ſuſtain a lighter one. 
6. It is obſerved, this Virtue of turning to the 
Poles isnotequally ſtrong in all Loadſtones, ſome 
doing 1t with greater Celerity than others. 7. 
There are obſerved ſome anomalous Loadſtones, 
which ſeem to have more than two Poles, or 
Points of Direction. 8. The Loadſtone attracteth 
Iron, as it were another Loadſtone. 9. The mag- 
netic Virtue 1s communicated to Iron or Steel 
by the Touch ; thus a Needle, touched by the 
Loadſtone, will always keep in a Poſition to- 
wards the North and South. 10. Loadſtones are 
corrupted, if they lie long together, with 
North Pole to North Pole, or contrarily ; they 
alſo loſe their Virtue by being made red-hot in 
Fire, with many other Properties of leſs Note. 

A. And pray, Sir, whence is this Mineral 
endued with this ſurprizing Virtue ? 

B. I cannot find any of the Philoſophers 
can tell the formal Cauſe thereof ; it is a Se- 
cret yet hid from Man, though he be bleſt with 
a Diſcovery of its Uſe *. A, Pray 


* AsthePropertiesofthe Magnet and the Experimentsilluſtrat- 
ing the ſame, are endleſs to tecount ; ſo the Authors who treat 
| thereof, 
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A. Pray what Parts of the Farth are moſt 
productive of Minerals and Metallic Subſtances? 

B. Mountains, which ſeem, as it were, de— 
ſigned as Matrices for the Generation and Ma- 
turation of Minerals and Metals; becauſe in them 
the moſt uſeful Foſſils are principally found. 

A. Do Minerals, Metals, Stones, Sc. grow 
in the Earth? 

B. Undoubtedly : Vea, it is well known that 
divers Mines, when emptied of Stone, Metal, 
Sc. have, after a while, recruited again. Alſo 
divers ſtony, ſparry Iſicles, and other ſtalacti- 
cal Subſtances, may be daily ſeen engendered 
from the Exudations of ſome petrifying Juices 
out of the rocky Earth in great Caves; as I 
myſelf have ſeen in Oæy-Hole in Somerſetſhire . 

A. Well, but to make an End, what may 
you mean by extraneous Bodies in the Earth, 
the Subject of the 7th and laſt general Head? 

B. The various Exuviæ of Fiſh, and other 
marine Animals; ſuch as petrified Echznz, 


Gloſſopetre, Cockles, Oyſter-ſhells, Turbens, 


thereof, and the Hypotheſes they advance fur the Solution of 
thoſe Properties are almoſt infinite. But they who defire a large 
Diſcourſe on this ſurprizing Subject, may conſult Jean. Clerici 
Phyſ. Lib. II. Cap. g. Haukſbee's, Deſaguliers's, &c. Courſes 
of Experiments. Rohault's Phyſics, Part III. Chap. 8. Tac. 
Ode, Philoſ. Nat. Tom. II. Cap. 3. Kircheri, Ars Magneti- 
ca. M hiſton's Dot. of the Magnet. Stairii Phyſiol. Explorat. 
XVIII. 12 to 5 37, incluſive. Dęſcartes, Opera Philoſophica, 
Part IV. § 133, & ſeqq. Inſtitutio Philoſ. Tom. III. Part. II. 
\ 3. Cap. 4. 1 Converſat. Vol. I. Conv. 15, 16. 


Loauthorpe's Abridgment. Vol. II. Page 630, Eames and Mar- 
tyz's Abridgment, Part II. Chap. 4. Miſcellanea Curioſa, 
Vol. I. Page 43. Harris's Lexicon, and Cham bers's Dictionary, 
at the Word Magnet. Phil. Tranſ. N 368, 390, 414, 423» 
389, 366, 371, 412. 

Fe * See Mr. Derham's Phy/ico-Theobogy, Book III. Chap. 2. the 
Notes. 


R Scal- 
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Scallops, &c. that are found in various Parts 
and great Depths of Earth, and are to be ſcen 
in the Cabinets of the Curious. 

A. Pray, how came thoſe Bodies at firſt 
intermixed with the Earth ? 

B. None can certainly tell ; it is ſuppoſed at 
the Deluge, or by ſome general Inundation of 
the Seas, whereby the Earth was rendered ſoft, 
and thuſe marine Bodies ſunk therein, and 
were covered over; and by the petrefying Qua- 
lity of the Earth, in Time, turned into Stone #, 


® Dr. Woodward ſays, the Echini and other lighter Shells are 
very numerous and frequent in all the Chalk-Pits of Kent, Sur- 
rey, E//ex, and other Shires; being found indifferently, from To 
to Bottom, in Pits that were 100 Feet deep; and in Wells ear 
deeper. Alſo that the Conche, Pectines, Cochlee, and Shells of 
a like Gravity, are found in the Sand Stone of all Countries, 
yea, even in the very Middle of Flints themſelves, Nat. Hiſt, 
of the Earth, Part I. Page 30, 31. Part IV. Page 183, Ce. 

It is common to find that the Echini, Cochleæ, Conche, Pec- 
tines, and other Shells, have their Cavities filled up with Ores, 
Flint, Spar, Vitriol, Sulphur, and other Minerals ; theſe receive 
the ſpecific Figures of the Shells, they are formed or mould- 
ed in. And theſe Stones are what Authors call Echinitæ, Co- 
chlite, Conchite, Pectinitæ, &c. 

Steno, in his Book de Solido intra Solidum contento, ſays, there 
were many marine Shells found in a Stone taken out of the Fo- 
rum Volaterranum, which many Ages before had been brought 
thither for Building ; and therefore it was certain thoſe Shells 
| Could not have endured leſs than 3000 Years, and probably 
from the Flood. 

See much on this Subject in Dr. Foodward's Hiſtory of the 
Earth. Steno's Book above mentioned. The Theories of Dr. 
Burnet and Mr. Whiften. Bartholini Specim. Philoſ. Nat. 
ops 13. Pag. 130-133. Philoſ. Tranſ, N“ 291, 305, 360, 
308. 


CHAP. 


ts 


Of Hydrograpby. 259 
CHAP. 


HyDROGRAPHY, or the PHiLosOPHY of 
WATER ; of tbe Laws of its PRESSURE 
and GRAVITY; of the SEA, its Origin, 
Roundneſs, Extent, Saltneſs,and Tides; of the 
Cauſe of FounNTAINs, RiveRs, Lakes, 
and BATHs, with the Properties of their 
ſeveral Waters. 


A. HAT is the Original of Hydro- 
graphy? 

B. The Word is compoſed of iq, Vater, 
and ypupr, a Deſcription ;- and here ſignifies 
a philoſophical Deſcription of Water. 

A. You have already deſcribed me the dif- 
ferent Diſtinctions of Water on the Earth's 
Surface, and likewiſe the Cauſe of its Fluidity 
and Volubility; pray what then remains to be 
farther conſidered ok Mater? 

B. In the firſt Place we muſt more particu- 
larly conſider the Effects ariſing from Flut- 
dity, and the Rules of Motion, called the 4y- 
droflatic and hydraulic Laws of the Gravity 
and Preſſure of Fluids *. 


* 1. The Word Hydro/tatics is derived from v9Wp, Vater, and 
guru, the Science of Weight, from 5artw, to weigh. Conſe- 
quently, Hydroftatics imports the Science which is converſant 
about thoſe Properties of Water, or any Fluids, which depend 
on, or reſult from the Weight ar Gravity thereof. 

2. Hydraulics is derived of vIwp, Water, and avanoc, a Pipe ; for 
anciently the Organ and other Wind Inſtruments of Muſic were 
blown by Wind made by the Fall of Vater inſtead of Beilows. 
Whence this Word in Time came to be applied to the 42 of 
making all Sorts of Engines for carrying or raifing of Water, or 
which are worked or moved by Water. Ana hence the ancient 
Water Engines deſcribed by Hiron are called Machine Hydrau- 
lice, i. e. Hydraulic Machines or Engines. 


R 2 A. What 
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A. What are thoſe Effects you call the hy. 
droflatic Laws of Fluids? 

B. We have not Time to conſider all; the 
chiefeſt are the following. 

1. The Surface of a Fluid contained in aV ef 
fel abiding free, will become plane, or parallel to 
the Horizon: Thus the Surface AB, of the 
Fluid CD, will be parallel to the Horizon HO. 

2. The upper Parts C preſs the lower Parts 
D, wwh:ch ſuſtain them,; and this Preſſure is al- 
ways proportional to the Height of the Fluid 
AE. See Figures XXXIII. and XXXIV. on 
Plate XXI, fronting p. 234. 

3. This Preſſure on the lower Parts, from 
the Gravity of the ſuperincumbent Liquid, ex- 
erts itſelf every Way, and every Way equally. 

4. In ſeveral Tubes, having a Communication 
with each other, as ABCDEF, whether equal 
or unequal, ſtraight or crooked, erect or oblique, 
a Fluid will riſe to the ſame Height G] in all, 
Fig. XXXIV. on Plate XXI, fronting p. 234. 

5. When Liquids of different Gravities are 
contained in the ſame Veſſel, the heavieſt lies at 
the loweſt Place, and is preſſed by the lighter, 
in Proportion to the Height of the lighter. 

6. The Bottom EF, and Sides AEBF, all 
round a Veſſel, are preſſed by the Parts of the 
Liquid contained which 3 touch them; 
and that in Proportion to the Height of the Li- 
quid, not at all regarding its Quantity, Fig. 
XXXI. on Plate XXI, as above. 

7. A ſolid Body immerſedin a Liquid, ts preſ- 
fed by the Liquid on all Sides; and that Preſſure 
mcreaſes in Proportion to the Height of the 45 

qui 
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quid above the the Solid. Bodies very deeply im- 
merſed are, as it were, equally preſſed on all Sides. 

8. Any Body, which is heavier than an equal 
Bulk of the Liquid into which it is immerſed, 
oil fink or deſcend therein. 

9. 1 the Body be lighter than an equal Bulk 
ef the ſuid Liquid into whach it is immerſed, it 
will aſcend to the Top, or ſwim. 

10. But, ſuppoſe the Body be equal in Weight 
with an equal Bulk of the Liquid, it will neither 
aſcend or deſcend, but remain ſuſpended in the 
Liquor, wherever it is placed, 

11. All equal Solids, but of different ſpecific 
Gravities, being immerſed in the ſame Liquid, 
hoſe equal Parts of their Weight. 

12. A Liquid acquires the ſame Weight 
which the immerſed Solid loſes. 

13. The immerſed Parts of Bodies ſwimming 
on the Surface of the ſame Liquor, are to each 
other as the Weights of the Bodies. 

A. And, pray, how do you prove theſe Laws, 
and what are their Ule ? 

B. They are founded on various Experi- 
ments, and their Uſe is to diſcover the different 
Weights or ſpecific Gravities of Liquids and 
Solids, which is not only a very great and 
uſeful, but alſo a very pleaſing and delightful 


Part of natural Philoſophy “. 
| A. Pray 


* The Proof of theſe Laws of Fluids is threefold, wiz. (1.) 
Phyſical; which depends on a bare Contemplation of the Nature, 


Figure, and other Properties of theſmall Particles of Fluids, ſepa- 


rately conſidered; andthe Phenomena thence ariſing will eyince 
the Truth of the ſaid Laws. (2) Mathematical; tor by confider- 
ing of Liquids as Solids, and dividing them into Planes, Columns, 


c. andrepreſenting their different Heights, Grawities,and Yelo- 
R 3 cities, 
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A. Pray how do you find or eſtimate the 
ſpecific Gravities of Solids ? 

B. Thus, by the hydroſtatic Balance S, Fig. 
XXXV. on Plate XXI, fronting p. 262, let 
there be prepared a Glaſs Veſſel of Water E, 
and another Veſſel D, whoſe Weight in Water 
muſt be preciſely equal to that of the Weight 
C. Now the Weight C being affixed to the 
Scale A, the Solid, whole ſpecific Gravity is 
defired, being firſt weighed in Air, muſt then 
be put into the Veſſel D, which is then affixed 
to the Scale B, and immerſed into the Veſſel of 
Water ; then put Weights into the Scale B till 
therebe a juſt Equipoiſe. Now from its Weight 
in Air, ſubduct its Weight in Water, and the 
Remainder will be as its /peczfic Gravity inverſe= 
ly; and thus the Ratio's or Proportion of the pe- 
cific Gravities of ſeveral Bodies may be found. 

A. As to the Manner of weighing thoſe Bo- 


dies, it ſeems pretty eaſy to be apprehended from 


the Figure; but as to computing the Ratio's, I be- 
lieve I could better underſtand that by Example. 

B. Why then Iwill give you one. Suppoſe 
you take a Piece of Lead and a Piece of Ivory, 


each weighing 69 Grains in Air, but weighing 


tities, by algebraic Characters, it is eaſy, by Rules of Art, to raiſe 
Theorems, which are ſo many Hydroſtatic Laws. (3.) Experi- 
»ental ; for all thoſe Laws are capable of Proof by innumerable 
Frperiments. See the ſeveral Courſes of Experiments, by Dr. 
Deſaguliers, Graveſande, Hawiibee, Worſfter, &c. Mariette's 
Hydroſtatics, engliſhed by Dr. De/aguliers. Rohault's Mechanics, 
tranſlated by Watts, Page 118. Boyle's Hydroftatical Paradoxes. 

Compend, Syſtem of Nat. Philoſ. Part 2. Sinclair's Hydroſtatics. 

Clarke's Notes to Rohault's Phyfics, Part I. Chap. 16. $8. 

Muſſehenbroek's Epit. Phy/ Part 2. Ditton's New Law of Fluids. 
Swwitzer*s Gen. Syſtem of Hydroftatics. Phil. Tran/. abridged, by 
Meſſ. Eames and Martyn, PartT. Chap. 6. Chambers's Dict. and 
Harris's Lexicon, under the Words Fluids and Hydroftatics. 
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An ES TIMAT E of the ſpecific [An Es TIAMAT E of the ſpecific Gray 
Gravity of SOLIDS. of Liquids, 
; : 2 | ©] 7 ||The Weight of a Piece of Lead in S 
In Air 60 Grains. S| 3 |.9 | the ſeveral Fluids here below. | G. 
— 2 ot 
e Mercury —— — 55 4 14 In Air RO 8 na 5 
goo cad £46208 — os 54 11 Oil of Vitriol — 
Copper —— — 53 7 8 Herm. Spirit of Nitre ——— — 383 
Braſs — — 53 7 8 Spirit of Nitre, with Oil of Vitriol — — 396 
Crude Tin — 53 5 Spirit of common Nitre— — 397 
Regulus of Antimony — 52 8 74 Spirit of Nitre Bezoartic — — 3097 
Regulus of Steel and Copper — 52 8 72 Double Aquafortis m— 400 
Block Tin —— — 52 1 Spirit of Vitriol — — 4.00 
8 3 — 513 83 7 fere [Spirit of Salt, with Oil of Vitriol — — 408 
Cinnabar of Antimony — 51 9 63 Solution of common Salt — — — 408 
Litharge of Silver — — 51 9 635 Simple Aquafortis — — — 410 
Litharge of Gold — — 50 E 8 Spirit of Sal. Armon. Succ. — — 409 
Silver dixpence — — 49 11 52 Solution of Sal. Enix. oz. in Water 5 0Z, — 410 
Calcined Copper — — 49 11 5 7 Decoction of Gentian — — 410 
Glaſs of Antimony — — 48 12 5 Spirit of Tartar — — 411 
Lapis Calaminaris — — 48 12 5 DecoQtion of Snakeweed _ — 41 
Tutty — — 47 13 4 Spirit of Hartſhorn not rectiſfid — — 411 
Crocns Metallorum — 46 132 42 Decoction of Sarſaparilla — — 412 
Crude Antimony — — 45 15 4 Decoction of China Root — — 412 
Prepared Steel — — 41 19 3325 Spirit of common Salt — — 4125 
White Lead — 4t 19 37 Decoction of Arum — — 42 
Green Glaſs —— — 39 21 222 Solution of Arum 1 oz. 1 dr. in Water 6 oz. 413 
Red Coral —— 39 21 222 Syden. Liquid. Lauden. — — 413 
Flint — ——— 38 22 2 |Liqu. Panacea of Opium — — 413 
Bole Armoniac ——— — 38 22 255 Decoction of Peruvian Bark — — 413 
Lapis Judaicus — — 383 215 2% Decoction of Pomegranates — — 413 
Flint Glaſs — — 385 215 22 Solution of Sal. Armon. pur. 1 oz. and — 
Bone of a Sheep juſt killed — 33 27 23 Vitriol, 1 0z. in Water 5 oz. — — 113 
Filings of Steel — — 30 Je 2 Urine — 4132 
Lemnian Earth — — 30 30 2 Sweet Spirit of Nitre — — 114 
Ivory — — 29 31 14 Common Water — 414 
Hartſhorn — — 28 32 1+ Tincture of Alum, with Water — 414 
Mineral Sulphut — — 28 32 14 Decoction of Red Saunders — — 414 
Crude Tartar — _— 24 05 Diſtilled Vinegar | — 4 
Venice Glafs — — 26 f 333 13 Mint, Rue, Savin Water, diſtilled — 415 
Ruſt of Brals — — 35 17 Vinegar — — —— 
Burnt Lead — — 24 36 19 Milk — 415 
Gum Arabic —— — 18 42 127 Infuſion of Horehound _ — 416 
Opium — — — 16 44 17 of Mint and Wormwood — — 416 
Lignum Guaitacum — — 5 45 14 Elix. prop. with Sal. Volat. — — 4163 
Gum Tragacanth — — Ic 45 17 In fuſion of Tea — 4162 
Myrrh — i 4 14 Spirit of Saffron — 477 
Gum Guaiacum — — 11 49 145 Sweet Spirit of Salt — — 418 
Reſin of Scammony — — JO. 50 14 Tincture of Caſtor — — 419 
Lignum Nephriticum — 0 . Spirit of Wine Camph. 3 — 419 
Iſinglaſs — 6 54 13 Mynſ. Tincture of Steel — 420 
China Root — — 1 3 1 Tincture of Sulphur, with Spirit of Turpentine 420 
Frankincenſe ; 9 1 56 Ir Oil of Turneps — 420 
Gall! — 2 58 1. ||[TinQure of Coral — 420 
Gentian 5 — — 0 0 077 Spirit of Wine — — 4212 
Peruvian Bark 8 — 0 0 ou [Oil of Turpentine — 1222 
Oak 7 0 — o. 058 Spirit of Wine rectiſied —— — 4232 
LC * — O o oc [|Boiled Water — — — 424 
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Of the ſpecific Gravities of Fluids, 26 2 
them ſeparately in Water, you findtheir Weights 
therein to be 54 and 29 ; now the Deficiency 
of theſe Weights are 5, and 31. Therefore the 
Ratio or Proportion of the Weight of Lead to 
that of Ivory, is as 31 to 54; that is, Lead is 
almoſt 54 Times heavier than Ivory. 

A. Sir, I perfectly apprehend you now, and 
thank you ; pray do you eſtimate the ſpecific 
Gravities of Liquids after the ſame Manner? 

B. They are eſtimated thus: Take a Piece of 
Lead, which ſuppoſe to weigh 455 Grains; 
then the ſame weighed in Oil of Vitriol will 
be found no more than 379, and in common 
Water 414 Grains. The Diminution in the 
firſt Caſe is 76, in the latter 42 Grains; theſe 
Numbers are inverſely as the ſpecific Gravities. 
Wherefore the Gravity of common Water is to 
the Oil of Vitriol, as 76 to 41; that is, almoſt 
as heavy again. Do you underſtand me ? 

A. Yes, Sir, very well: I only with I had 
ſuch a Pair of Scales as are fit for this Purpoſe ; 
for then I ſhould take a deal of Pleaſure in 
making thoſe Kinds of Experiments. - 

B. Sir, you may eaſily obtain a Pair; and 
till then, I can lend you a Synopse of an Eſti- 
mate of the ſpecific Gravity of various Solids 
and Liquias, which I have taken from Dr. 
Quincy, if you think it worth your Perufal *. 

A. Sir, 

* 1 The beſt Method that I can find for diſcovering the /pecific 
Gravity of Solids and Fluids, withBaſe, Expedition, and Certain- 
ty, is by means of a fine Hydroſtatic Ar and Sliding Rule. 

2. The Steelyard is thus cheaply and eaſily made: Take the 
Beam of a fine Pair of Scales, as AO (Fig. LXIII. on Plate 


XX, fronting p. 233.) let the Smith make he Arm CO ot a 
ſuficient Length CB, by joining a {mall Iron Rod thereto; (© 
R 


4 the 
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A. Sir, lam very much obliged to you for ſo 
extraordinary and uiciula Piece of philoſophical 


the End of the other Arm at A fixa Ball of Lead, or Tin, e. 
D, inch that its Weight, together with that of the Arm AC, 
may exactly balance or equipoiſe the Weight of the other 
lengthened Arm CB. | 

z. The Arm CB being duly ſhaped, is to be graduated after 
this Manner: Suſpend twoequal Balls or Weights, E and F, one 
on each Side the Point C, at equal Diſtances, CA, CO, they 
there abide in Eguilibrio; therefore O is the Point from whence 
the Degrees are to begin. If now you add 10 Weight of 10 
Grains to the Ball F, and move the other from O a little to- 
wards B, you will find the Point 10 where the Weights will be 
exactly in Equilibrio. If you add 10 more Grains to F, the Ball 
E being again moved towards B, will give the Point 20, where 
it will equibalance the other. And thus by adding 10 Grains 
conſtantly to F, you will gain the Points of Divition in the 
other Arm for every 10 Grains to an 100, or any greater Num- 
ber; all which is evident from the Figure. 

4. The Steelhard being thus graduated, a fine Thread of Silk 
(whoſe Weight is inconſiderable) is to be fixed to the Ball F with 
a Loop at the lower End, in which any Body, or Piece of Mat- 
ter, may be put as at one, and then weighed by moving the 
Wire of the Ball E over the Degrees, as in the common $teel- 
yard, till it comes to an Equilibrium; then the Body is to be 
ſuſpended and weighed in a Veſſel of Water, as GH; and 
then the Difference of its Weight ia and out of the Water will 
be with Eaſe obtained, be the Figure or Weight of the Body 
what it will, within the Compaſs of the Inſtrument. 

When, by this Means, you know what any given Num- 
ber of Grains loſe being weighed in Water, it is eaſy by the 
Sliding Rule to find what an 100 Grains will loſe. Thus if 60 
Grains of Lead loſe 53, an 100 will loſe 94 nearly; and thts 
a Table of the ſpecific Grawitzies of Solids and Fluids may be con- 
ſtructed with the greateſt Expedition. By this Steelyard I have 
examined many of the Gravities I have here given in the Table, 
and find they are very true. 

6. But ſince Cold is not among the other Solids, I thought it 
would not be amiſs if | here ſabjoin a ſmall Table of the ſpeci- 
fc Gravity of Gold and the other Metals, with Air and Was 
ter, in one View. | e 


Gold 19636 Iron 7852 
Quickſilver 14019 Tin 7321 
Lead — 11345 Stone 2000 
Silver 19535 Water 1000 
Copper 8843 Air 14H; 


Curioſity : 


ih. e and a0 
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Curioſity: And, pray, have you nothing very 


remarkable to be oblerved from the foregoing 
Laws of the Preſſure of Fluids? 

B. Yes, more than I can here exemplify to 
you ; however, that you' may know ſomething 
of them, learn their Uſe in the following In- 
ſtance : Suppoſe AB Fig. XXXVI. on Plate 
XXII, fronting p. 202.) a Ciſtern or Tube 
filled with Water always even to the Brim, as 
at 8; now let there be any Number of Holes 
DECFG made through the ſame, the Water 
ſpouting through each of them, will fall to an 
horizontal Diitance, which is double to the 
Diſtances of thoſe Holes from the Peripher 
of a Circle ARB, deſcribed about the ak 
of the Tube as a Diameter *. 

A. If this be the Caſe, I eaſily perceive why, 
in the Scheme, the Water ſpouting from the 
middle Hole C, falls fartheſt from the Tube; 
for, according to you, the Diſtance BQ, to 
which it falls, is equal to twice CK, that is, 
equal to the Height of the Tube AB ; and as 
this CK is the fartheſt Diſtance from the 
Circle, the Double thereof BQ muſt needs be 
greater than the Double of any other Diſtance, 
and therefore its Water ſpouts the fartheſt. 

B. You take the Reaſon of the Thing very 
well; you may alſo farther obſerve, that from 
two Holes EF, equally diſtant above and be- 
low the central Hole C, the Water will ſpout 
to an equal Diſtance BP, the Double of EL 
or FI, which are equal Diſtances from the Cir- 


* Dr Crave/ande proves the Truth of this in his Elements, 
Book I. Chap. 24. p. 101, 102, 103. And Book II. Part 2. 
Chap. 7, 8, q, are wholly on theſe Subjects. 


cle ; 


. 
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cle: Alſo the Water from G will ſpout to O, 
which is double the Diſtance GH ; and the 
Water from D will ſpout to N; for BN is 
double the Diſtance DM from the Circle. 

A. I underſtand you thoroughly concerning 
this; have you any thing elſe to obſerve of the 
Preſſure of Fluzds, pray ? 

B. One Thing amongſt many I could name 
is this: That, let a Body be ever ſo heavy, yet 
it may be made to ſwim in Liquids. 

A. This is very ſurprizing indeed! What, can 
Lead or Gold be made to ſwim in Water, Sir? 

B. Ves, by knowing their ſpecific Gravities: 
Thus, becauſe the ſpecific Gravity of Gold is to 
that of Water, as 19 to 1; therefore if you hold 
a Guinea to the Bottom of a Tube of equal 
Diameter (ſo as no Water can get in) by Means 
of a String ; then put the Tube down in the 
Water above 19 Times the Thickneſs of the 
Guinea in Depth, and letting the String go, the 
Guinea will not fink, but ride ſuſtained by the 
Preſſure of the ſubadjacent Water, which now 
is ſtronger than the Power of Gravity in the 
Guinea ; and thus you may make any Body 
ſwim, how large, ſolid, and weighty ſoever “. 
A. Well, 


1. The Writers on Hydroſtaties demonſtrate, that the Preſſure 
of Liquids on the Bottom and Sides of Veſſels is always pro- 
portional to the Height thereof, and every Way equal at the 
ſame Depth. 

2. To illuſtrate this, let GE (Fig. LXIV. on Plate XX, front- 
ing Page 233.) be a Veſſel, from whoſe upper Part HE proceeds 
a tall Tube ABCD communicating therewith. Let this Tube 
and Veſſel be filled with Water, then ſhall the Preſſure of the 
Water on the Bottom GF be as great, and every way the ſame, 
as it would be, were the Veſſel itſelf as high as the Tube, and 
filled with Water to the Level of PS; that is, the Column of We- 
ter ANOB in the preſent Caſe has the ſame Effect on the Bottom 
of the Veſſel GE, as the Column of Water PGFS would _ 

3. This 
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A. Well, I thank you for theſe general In- 
ſtructions concerning the Nature and Effects of 
Fluids: And now, Sir, if you pleaſe, we will 


3. This is no ſmall Paradox, but is notwithſtanding that very 
eaſy to conceive for ſince Fluids act in every Direction, or preſs 
every Way, and every Way equally, and 4 ien and Reaction is 
equal, and contrary; it muſt follow, that the Parts of the Bot- 
tom LN and GL (being equal to NO] will ſuſtain the ſame 
Preſſion as NO, or as they would do, were the Columns of Wa- 
ter continued to the Height PA. For in the Line CN, the 
Force of the Column of Water AO is exerted on each Side 
equally, and has the ſame Effect at IL as at DO, and therefore 
the lateral Preſſure being equal, the perpendicular Preſſures 
alſo on LN and NO will be equal. 

4. Or thus: If the Preſſure on the Part IL werelefs than on 
the Part DO, the Fluid in the Column CO would, by reaſon of 
its greater Gravity, have a Motion toward the Part IL, and the 
Surface AB would defcend : But ſince there is a perfect Quieſ- 
cence of all the Parts of the Fluid, and that in the Column CO 
is as much at Reſt as that in the Column CL, it is evident their 
Preſſures and Effects are every Way the ſame, and conſequently 
that the Column CL prefles as much on the Part LN, as the 
Column CO does on the Part NO. What is thus proved of 
the Colum IN, is to be proved of all the reſt, HL, DM, and 
KF; which makes the Propoſition manifeſt. 

5. This Paradox is alſo eaſily proved by Statics; for ſuppoſe 
the Veſſel fixed, and the Bottom GF moveable therein, and ſo 
adapted to it, that no Water ſhould paſs between it and the Sides 
of the Veſſel ; if this Bottom be hung to the Arm of a Balance 
by Means of a long Wire deſcending through the Tube, the 
Effect of the Water in the Tube may be compared with that 
in the Veſſel, in regard of Weight. Thus ſuppoſe the Water 
in the Veſſel to weigh one Pound, then admit the Height of 
the Tube AC be four Times the Height of the Veſſel CN, if 
the Tube be filled with Water to AB, you'll find four Pounds 
mult be added to the other one intheScale to make an Equilibriums 

6. Or otherwiſe thus: Let the upper Part of the Veſſel HE 
be conneRed with the lower art or Bottom GF by Means of 
Leather, in the Manner of a Pair of Bellows ; then, if the Tube 
AD be fixed into the apper Part, and Water poured therein, it 
will raiſe the upper Part from the Bottom charged with Weights 
equal to the Weight of a Column of Water equal to PGF>, 

7. I have been the more particular on this wonderſal Pro- 
perty of Fluids, becauſe it is not only in itſelf very curious, 
but of great Importance in many Affairs of Life; and they who 
would ſee more, may couſult the Authors above referred to, 
eſpecially Dr. Grave/ande's Elements. i 

direct 
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direct our Diſcourſe to the Contemplation of 
Water in particular; and firſt we will begin 
with the Waters of the Sea: What therefore 
do you find is known concerning their Extent, 
or what Proportion do the Superficies of the 
Sea bear to thoſe of the dry Land ? 

B. This is not preciſely known : I remember 
T once calculated the Proportion of Water and 
Land, as they are repreſented on my terreſtrial 
Globe of 16 Inches Diameter, and found it to 
be ſomewhat more than 4, but how much I 
cannot juſtly ſay, having loſt my Notes of that 
Particular at preſent. 

A. Pray how came the Earth to be covered 
over, ſo far the greater Part, by Water ? 

B. Thus it pleaſed God in the Beginning to 
orderit; for wiſe Ends no doubt : The Waters 
of the Earth muſt neceſſarily riſe to the Surface 
thereof, as being ſpecifically lighter than 
Earth; and then it was as neceſſary there 
ſhould be large Cavities therein for Recepta- 
cles to contain them, otherwiſe they would 
equally have overſpread all the Superficies of 
the Earth, and fo have rendered it utterly un- 
inhabitable to Mankind *. 

A. I underſtand the Figure of the whole 
Earth is round, and conſequently the Superfi- 


cies of the Sea mult be ſo two, which I think 


* On this Head hear the Philoſophical Poet Ov: 
The Earth of cloſer and compacter State, 
Fell ſelf-incumber'd with her proper Weight; 
On her the groſſer Elements attend, 
And to the deepeſt, loweſt Part deſcend. 
The Waters laſt took Place, and flowing round, 
The girded Globe's extenſive Circle bound. 
Metamorph. Lib. I. Sewell. 


you 
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you impute to the Action of Gravity or Power 
of Attraction in the Earth, do you not, Sir? 

B. Ves, the Centre of the Earth being the 
common Centre of Gravity, and the Nature 
of Fluids being ſuch, that they equally yield 
to equal Powers, and the Power of Attraction 
being every where equal at equal Diſtances 
from the Centre, it follows, that the ſuperficial 
Parts of Water will every where conform 
themſelves to an equi-diſtant Situation from 
the Centre, and conſequently will form the 
Surface of a Sphere ſo far as they extend &. 

A. Pray, Sir, is the Sea higher than the 
Earth, or Land, as it ſeems to be! 

B. No; for by the Power of Gravity all 
Things cole to a ſpherical Surface, in 
which no one Part is higher than another ; 
beſides, Fluids preſs every Part equally, and 
therefore would ſoon overflow the Shores, 
were they really loweſt, 

A. How comes it to appear fo, then? 


Thus Ovid again in the ſame Place: 


Whatever God thus broke the formleſs Heap, 
And bid the Parts a juſt Proportion keep, 
Firſt, that the Earth might regular appear, 
He rounds the Figure to a perfect Sphere, Wc. 


But herein the Poet is miſtaken ; for the Figure of the Earth 1s 
not that of a perfe Sphere, but an oblate Spheroid, whoſe longeſt 
Diameter is that of the Equator, and the ſhorteſt, that from 
Pole to Pole, the Difference being about 34% Miles, accord- 
"iy to Sir [/aac Newton, in his Principia, Lib. III. Prop. 19, 

p. 415, See alſo Dr. KeilPs Examination of Dr. Burnet's 
Theory of the Earth, Chap. 6. And a large Diſſertation on the 
Figure of the Earth by Dr. De/aguliers, in Philoſoph. Tranſ. 


N 316 to 389. 
B. This 


= 
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B. This reſults from the Fallacy of Viſion, 
whereby all Objects, and the Parts of Land 
as well as Sea, the farther they are from vs, 
the higher they appear: Thus in Pieces of 
Perſpective, the Parts are all placed higher 
above the Ground Line, as they are fituated 
more remote. The Reaſon of all which is 
eaſy from Optics x. | 

A. Is the Depth of the Sea known? 

B. Varenius affirms, the Depth or Profundity 
of the Sea is in ſome Places unfathomable; and 
in other Places is very various, being in ſome 
EMS CS. tn EI MUiles, 


in other Places deeper, and is much leſs in Bays 


than in Oceans. The Depths of the Sea bear 


* 1. It is well known, that the denſer any Medium is thro? 
which we behold Objects, the greater is the Refra&4ion, or the 
more their Images appear elevated above the Horizontal Level; 
alſo the greater Quantity of the Medium the Rays paſs through, 
the more they will be bent from their firſt Direction; on both 
theſe Accounts the Appearance of 'Things remote, and on 
the Sea, will be ſomewhat above the Horizon ; and the more 
ſo, as they are more remote. 

2. The Sight, with regard to diſtant Things, is terminated 
with a ſpherical Superficies, of which the Eye is the Centre, 
and therefore the more remote Things are, the higher they 
appear in this Superficies, For Inſtance, let the Eye be at G 
viewing the diſtant Surface of the Sea AE; and ſuppoſe AF 
be Part of the ſpherical Superficies which terminates the Sight . 
Let A, B, C, D, E be ſeveral Parts of the Sea's Surface, theſe 
will appear in the Sphere of Viſion, at a, 6, c, 4, e, all above 
the horizontal Level HE; and every Part higher as it is more 
remote. See Fig. LXV. on Plate XX, fronting p. 233. 

3. Nor is this the only Fallacy; but, if we ſuppoſe the Parts 
AB, BC, CD, and DE all equal to each other, they will appear 
very unequal to the Eye at G in the Sphere AF, that which is 
neareſt being ſtill the greateſt; and the more remote the leſſer. 
Again, if X bc, cd, and de be ſuppoſed equal, the Diſtance on 
the Sea will appear to be equal, tho? they are really very un- 
equal; and, in this Caſe, the more remote, the larger. See 
much more to this Purpoſe in Vareniuss Geog. Gen. Book I. 


Chap. 13. throughout, but eſpecially Prop. 1ſt and 2d thereof, 


oreat 
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great Analogy to the Height of Mountains on 
the Land, ſo far as is hitherto diſcovered. 

A. Are you able to ſay whence the Saltneſs 
of the Sea doth ariſe ? 

B. It is very rationally judged to ariſe from 
great Multitudes both of Mines and Moun- 
tains of Salt, diſperſed. here and there in the 
Depths of the Sea: The Salt being continually 
diluted and diſſolved by the Waters, the 
Sea becomes impregnated with its Particles 
throughout; and for this Reaſon, the Salt- 
neſs of the Sea can never be diminiſhed “. 

A. Pray what is the Uſe of this ſalt Pro- 
perty of the Sea? 

B. The Saltneſs of the Sea preſerves its Wa- 
ters pure and ſweet, which otherwiſe would 
corrupt and ſtink like a filthy Lake; and conſe- 
quently noneof the Myriads of Creatures which 
now live therein, could then have Being: From 
hence alſo the Sea Water becomes much hea- 
vier ; and thetefore Ships of greater Size and 


Quantity may be uſed thereon, Salt Water alſo 


* Dr. Halley ſuppoſes that it is probable the greateſt Part of 
the Salt of the Sea and of all Salt Lakes, (as in the Ca/pian Sea, 
the Dead Sea, the Lake of Mexico, the Titicaca in Peru) is de- 
rived from the Water of the Rivers which they received; and 
fince this Sort of Lakes has no Exit or Diſcharge, but by the 
Exhalation of Vapours, and alſo ſince theſe Vapours are entire- 
ly freſh or devoid of Salt Particles, jt is certain the Saltneſs of 
the Sea and ſuch Lakes muſt from Time to Time increaſe ; and 
therefore the Saltneſs at this Time is greater than at any Time 
heretofore, He farther adds, thatif, by Experiments made in 
different Ages, we could find the different Quantities of Salt 
which the ſame Quantity of Water (taken up in the ſame Place, 
and in all other the ſame Circumſtances) would afford, it would 
be eaſy from thence, by the Rules of Proportion, to find the 
Age of the Warld very nearly; at leaſt, to deſtroy the Notion 
ot the Eternity of all Things, Philoſ. Tranſ. Ne 344. 

5 doth 
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doth not freeze ſo ſoon as freſh Water, whence 
the Seas are more free for Navigation. 

A. I remember Solomon obſerves, that tho' 
all the Rivers run into the Sea, yet the Sea is 
not full, or doth not increaſe; pray 1s there 
any aſſignable Reaſon for this? 

B. Yes; there are two Reaſons why the Sea 
doth not increaſe. 1. Becauſe Waters return 
from the Sea by ſubterranean Cavities and A- 
queducts, through various Parts of the Earth. 
2. Becauſe the Quantities of Vapours raiſed from 
the Sea, and falling on the Land, only cauſe a 
Circulation, but no Increaſe of Water. It hath 
been found by Calculation, that in a Sum— 
mer's Day there may be raiſed in Vapours 
from the Mediterranean 5280000000, or 5280 
Millions of Tuns of Water, yet this Sea re- 
ceiveth not from all its nine great Rivers above 
1827000000, or 1827 Millions of Tuns per 
Day, which is but a third Part of what is ex- 
hauſted in Vapours ; wherefore we may rather 
wonder the Sea is not leſſened than increaſed “. 

A. I am very much pleaſed with theſe Ac- 
counts of the general Properties of the Sea: 
But, pray, what do you ſay to that moſt ob- 
vious and wonderful Phenomenon, the Tide, 
or Flux and Reflux of the Sea ? 


* See the Calculation at large in Philoſ. Tranſ. N' 212, or 
in Joan. Clerici Phyſica, Lib. II. Cap. 8. It has been found, 
that in the Years 1699, 1700, 1701, 1702, there fell at Town: 
ley in Lancaſhire, at the Foot of the Mountains, 39, 43, 
41788, 5155; Inches of Water in Depth; and at Upminſter in 
Eſſex, theſe Depths were, for the ſame Years, 155, 19, 1870, 
204; nches. But Dr. Halley found that the Depth of the Wa- 
ter evaporated in a cloſe Room in one Year was but eight 
Inches; from whence it is plain how much the Sun and Wind 
contribute to the Evaporation of Water. 


B. It 
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B. It is now very well known, that the 
Tides are cauſed by the Attraction of the Moon, 
and are ſometimes increaſed by the Attraction 
of the Sun conſpiring therewith, as in Con- 
junctions, or new Moons, and thoſe we call 
Spring-Tides ; ſometimes the Sun's Attraction 
acts counter to the Moon's, as in the Quadra- 
tures, and then the Tides are leflened, and are 
what we call Neap- I ides. 

A. Pray be ſo good as to illuſtrate the Doc « 
trine of the Tides by a Scheme. 

B. I will. Suppoſe then C be the Earth, Fig. 
XXXVII. on Plate XXII, fronting p. 262, ſur- 
rounded by Water P'TN, M the Moon in Con- 
junction with, and O in Oppoſition to the Sun 
inS, and in her Quadratures from the Sun in Q: 
Now it is plain the Part of the Ocean T, to 
which the Moon M is perpendicular, will gra- 
vitate to the Moon more than any other Parts 
in the Hemiſphere Tu; and therefore the Wa- 
ter in that Part will become lighter than uſual, 
and fo will tumify and riſe up towards the Moon. 
On the contrary, the Water in N, being moſt re- 
mote from the Moon M, will be leſs attracted, or 
gravitate leſs towards the Moon, than any other 
Parts of the Land or Sea in the Hemiſphere eNn; 
and therefore will keep at fartheſt Diſtance from 
the Moon, or, which is the fame Thing, it be- 
comes lighter than uſual, and tumifies on the 
Part N, contrary to the Moon M. By this Means 
the Ocean muſt of Neceſſity conform itſelf to 
an oval Figure, whoſe longeſt Diameter is IN, 
and the ſhorter en +: Now, becauſe the Tides at 


T and N are exiſtent both at the ſame Time, 
5 and 


_ Cy my 
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and oppoſite to each other, it is evident, they 
following the daily Courſe of the Moon, that 
they mult conſtantly ſucceed each other under 
every Meridian at the Diſtance of 12 Hours 
Time, and therefore twice each Day, as we fee 
they do. Do you apprehend me ſo far? 

A. Yes, very well; pray proceed. 

B. Then the reſt will be {till eaſier : For 
ſuppole (as Sir {/aac Newton has) that the At- 
traction of the Sun be to that of the Moon at our 
Earth, as 1 to 4 es Or, nearly, as 1 to 42 
that is, as 2 to 9. But Mr. Dombkey has flice 
made it to be as 1 to S or as 1 to 5, or 
more nearly {til}, as 10 to 5x (whoſe Numbers I 
{hall uſe): I fay, ſuppoſing this be the Proportion 
of the Sun and Moon's Power of attracting the 
Waters of our Seas, then it follows, that when 
the Sun and Moon are in Conjunction, the Wa- 
ters at T and N will be attracted by both theſe 
Powers jointly; but, when the Moon is in Square 
to the Sun, that is, when thoſe Luminaries are 


in M and Q, then the Power of the Sun in Q 


acts contrary to that of the Moon in M ; and 
then the Waters in T and N are raiſed only by 


the Difference of thoſe Powers; ſo that the 


Spring-Tides will be to the Neap-Tides, as the 
Sum to the Difference of thole Powers; that is, 
as 6 to 4, or as 61 to 41. So that, if the Sun 
be able to raiſe the Water 1 Foot 11 Inches, 
the Moon will raiſe it above 9 Feet 7 Inches, 
and both together, about 11.5 Feet, which is 
{till greater, as the Moon is nearer the Earth. 
A. Pray in what Parts of the Earth are the 
Tides greateſt of all ? 
| B. About 
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B. About the Aquator or Middle of the 
Earth: For the greater the Circle, in which the 
Tides revolve, the greater will be their Agita- 
tion; and were the Moon placed in the Pole, the 
Tide would remain immoveable about that Pole. 

A. Are the Tides always largeſt preciſely at 
the Time of new and full Mobs ? 

B. No; for by Reaſon of the Water's Li- 
bration, thoſe Tides are ſomewhat changed, 
being greateſt about three Tides later, 

A. Are the ſame Tides (viz. Spring or 8 / 
in the ſame Place, all the Year round, equal ? 

B. No; tor, as I ſhewed you a while ago, 
the Earth 18 ſomething nearer the Sun in the 
Winter than in the Summer; therefore the 
greateſt Equinoctial Tides are obſerved to hap- 
pen ſome Time before the vernal Equinox, and 
after the autumnal one. 

A. Does the different Poſition of the Moon 
in her Orb make any Difference of the Tides ? 

B. Yes; becaule in the diurnal Revolution 
of the Moon, that 'Tide of the two ought to 
be greateſt, in which the Moon is neareſt to 
the Zenith or Nadir of the Place; therefore 
with us, the Moon being neareſt our Zenith in 
the Northern Signs, ' when above the Horizon, 
mult then cauſe the greateſt of the two Tides 
when ſhe paſſeth our Meridian; but being near- 
eſt the Nadir, when in the Southern Signs, ſhe 
| makes the greateſt Tide here, when he paſſeth 
the oppoſite Meridian, below the Horizon “. 

A. Do 


* 'Theſe, and all other Affections of the Tides arifing from the 
different Latitudes of Places, will be eaſily and beſt underſtood by 
Fig. LXVI. on Plate XX, fronting p. 233. Where APEp 's 
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A. Do all theſe Phenomena of the Tides 


agree with Obſervations every where, or in all 
Parts of the Sea ? 

B. Very ſufficiently in the main Oceans; 
but are more or leſs altered and interrupted in 
Bays, Straits, Havens, &c. where thoſe gene- 
ral Cauſes cannot produce their Effects freely. 
And thus I have relatcd to you all the general 
Affections of the Tides, which you may re- 
duce to particular Cates yourſelf. 

A. Sir, I am extremely obliged to you: 
pray tell me in the next Place whence Fountains 
and Springs may ariſe ? 


the Earth covered over with very deep Waters, C its Centre, 
P; its Poles, AE the E quinoctial, FF the Latitude of a Place, 
Dad another at equal Diſtance on the other Side the Equinoctial, 
H +4, the two Points where the Moon is vertical, and let K& be 
the great Circle wherein the Moon appears horizontal, 

It is evident that a Seri deſcribed upon Hy and K ſhall 
nearly repreſent the Figure of the Sea; and C/ CD, CFand Ca, 
ſhall be the Heights of the Sea in the Places /, D, F, d; in all 


which it is High I, ater : And ſeeing that in 12 Hours Bee by 


the diurnal Rotation of the Earth, the Point / is transferred to F, 
and d to D, the Height of the Sea CF will be that of High Water 
when the Moon is preſent, and A that of the other High Wa- 
rer when the Moon is under the Farth ; which in the Caſe of this 
Figure is leſs than the former CF. For CF; 15 near the greateſt Se- 
mi-diameter of the Spheroid CH, and Mis neareſt the leaſt CK, 
And in the oppoſite Parallel, D, the contrary happens; the 
Riſing of the Water being always alternately greater and leſs in 
each Place when it is produced by the Moon's declining ſen- 
ſibly from the Equinoctjal, that being the greateſt of the two 
His b< Waters in each diurnal Revolution of the Moon, wherein 
me approaches neareſt either to the Zenith or Nadir of the Place. 
Conſequently, the Moon in the Northern Signs in that Part 
of the World makes the greateſt Tides when above the Earth, 
and in the Southern Signs when under the Earth; the Effect 
being always the greate {it where the Moon is fartheſt from the 
Herizm either above or below it; and this alternate Increaſe 
and Decreaſe of the Tides has been obſerved to hold good on 
the Coaſt of England, at Briſtol by Captain Sturmy, and at 
Plymouth by Captain Coleprege, Philoſ. Tranſ. No 226. 


B. Foun- 
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B. Fountains, or Springs, are of two Sorts, 
VIZ. 1. Thoſe which run in the Winter, and 
dry up in the Summer, called temporal: And, 
2. Thoſe which conſtantly keep running, called 
perennial Springs. Temporal Springs ariſe 
generally from great Rains which fink thro' 
the Surface of the Earth, and are collected in 
the Crevices, and ſubterraneous Veins and 
Channels, and ſeveral ſmaller ones uniting, 
form larger Courſes, which tend, thro' various 
Windings and Declivities, to ſome Part of the 
Earth's Superficies, where they break thro' 
and diſcharge themſelves in little Streams and 
Brooks. Thoſe which are called perennial, 
are ſuppoſed to derive their Waters from the 
Ocean itſelf, by Ducts and hollow Paflages 
running thence through the Bowels of the 
Earth to various Parts of its Superficies, where 
they diſcharge themſelves, as do others. But 
many very learned Naturaliſts are of Opinion, 
that theſe are ſupplied with their Waters, if not 
wholly, yet chiefly, by Rain, as well as tempo- 
ral Springs. The Learned are variouſly divided 
in their Judgments about the Original of 
Springs: However, this we know, that Lakes, 
Wells, and ſeveral Streams, and ſome great Ri- 
vers, owe their Original intirely to Springs ; as 
alſo all Baths and Fountains are only a Col- 
lection of Waters iſſuing from thoſe Springs*. 

tit 


* The great Number of thoſe who hold that Springs are de- 
rived from the Sea, and of thoſe who aſcribe their Original to 
Rain and diffolved Snow, ſee in Johnſon's Quæſt. Philoſophicæ, 
Cap. 2. Quæſt. 34. 

Dr. Woodward has an Hypotheſis which makes the Origin of 
Fountains to confiſt in an Abyſs of Waters in the Bowels of the 

S 3 Earth 
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A. It is true, that I can ſee with my Eyes: 
But, pray, whence is it that their Waters have 
ſuch vaſtly different Qualities ? 

B. From the Qualities and Temperament of 
the Soil or Earth through which thoſe ſubter- 
ranean Waters paſs. Thus thote Waters which 
paſs thro' Lays or Beds of metallic or mine- 
ral Earth, carry along with them ſome of thoſe 
mineral Particles, and thence become endued 
with the Quality of thoſe Metals and Minerals; 
and thus we call them ineral Waters, of which 
there are various Species, as acid, bitter, Hot, cold, 
oily or fat, coloured bothng, petriſying, ſalt, &c. 
which conſtitute various Kinds of Baths and 


Wells of medicinal Waters: Thus thoſe Waters 


which boil up Het, are made ſo by ſubterranean 
Fires and Fumes of Sulphur, and other inflam- 
mable Subſtances. Thoſe which are /a/#, con- 
tract their Saltneſs from the Quantities of Salt 
they paſs through in the Earth ; and thoſe 
which are oi, &c. from the ſulphureous and 
bituminous Matter melted in the Bowels of the 


Earth; which Water, he ſays, is made to aſcend by Means of 
ſubterranean Fire. But Dr. Arduthnot has refuted this Doctrine 
in his Examination of the Doctor's Hiſtory. 

All this Time the moſt plauſible and commonly received Hy- 
potheſis concerning the Originof Fountains, is that of Dr. Eamund 
Halley, viz. The Condenſation and Precipitation of Vapours from the 
T ops of high Mountains by a cold and rarefied Air; where, ſays he, 
the Water gleeting down by the Crannies of the Stone, Part thereof 
enters into the Caverns of the Hills, and gathers together as in an 
Alembic into the Baſons of Stones it finds ; which being once fill- 
ed, all the Overplus runs over by the loweſt Place, and breaking 
out by the Sides of the Hills, forms ngle Springs. Many of theſe 
running down by the Vallies, form Riwulets or Brooks ; many of 
theſe uniting their Streams in the Valley, and gaining plain 
Ground, become leſs rapid, and form a River; and many of 
theſe being united in one common Channel, make ſuch Streams 
as the Rye, the Noone, the Danute, &c. Philoſ. Tranſ. N?* 192, 
Earth 
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Earth by Heat and Spirit; and ſo of the reſt. 
Thus Varenius. 

A. Pray, to conclude this Head, what do 
you think of the Original of Rivers? 

B. Some of them riſe, as I ſaid, immediate- 
ly from Springs themſelves ; others from the 
Conflux of many ſmaller Streams, Brooks and 
Rivulets, which together make one great Cur- 
rent or Stream. Laſtly, Vaſt Defluxions of 
Rain, melted Snow, condenſed Vapours, &c. 
from the Sides of high Mountains, tear up the 
Earth, and form the largeſt Channels and Ri- 
vers in the World, whoſe rapid Streams all 
run into the Sea in ſome Part or other. 


C HAP. 64> 


PHY TOGRAPHY,0r tHePHILOSOPHY of PLANTS 


and VEGETABLES, of VEGETATION, of 


their Production, of the SEED, and SEED 
PLANT of the RooT, of the BLADE, 
STALK and TRUNK, of the Bup, LEAvEs 
and FLOWERS, of the FRUIT, &c. of tbe 
PERSPIRATION of Plants, &c. 


os LEASE, Sir, to explain to me the 
Word Phytograpby. 

A. It is compounded of qvzor, a Plant, and 
voa, a Deſeription ; and thus it impliss a 
Phiſiological Deſcription of Plants, and all Kinds 
of Vegetables. 

A, Pray, Sir, what do you call Vegeta- 
bres ? 


— 
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B. All ſach natural Bodies as grow and in- 
creaſe from Parts organically formed, or ſerving 
as Inſtruments to convey the Principles of ve- 
getative Life; but have no proper Life or Sen- 
ſation ;. ſuch as Plants, Shrubs, and Trees. 

A. Pray explain to me what you mean by 
vegetative Life, or V. egetation. 

B. The Faculty or Quality which Plants 
are endued withal, whereby they attract Nou- 
riſhment, or nutritious Juices from Earth, and 
which circulating their Subſtance, cauſeth it to 
extend, unravel, or unfold its Parts by Degrees, 
till at length every Part turns out in its proper 

Form and Site, and thus the Plant is perfected. 

A. Do you fay, that the vegetable Life and 
Growth of Plants and Trees proceed from the 
Juices of Earth, and not from the Earth itſelf ? 
B. Les, and that is the Truth: For Mr. Boyle 
found by Experiment, that a Plant of three 
Pounds, and after that, a Plant of 14 Pounds, 
were produced from a Quantity of Earth, wa- 
tered only with Rain or Spring Water, which 
loſt ſcarce any Thing of their Weight, being 
8 weighed dry, before and after th 

roduction of the Plants. 

A. Indeed, I cannot ſay but ſuch an Expe- 
riment undeniably proves, that Plants receive 
their Growth and Weight from the Moiſture of 
the Earth altogether, and not from the Sub- 
ſtance of the Earth itſelf. | 

B. Yes, I can give a more convincing In- 
ſtance yet: Pan Helmet dried 200 lb. of Earth, 
and therein planted a Willow weighing 5 lb, 
wich he watered with Rain or diſtilled Water, 

I and 
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and to ſecure it from other Earth getting in, he 
covered it with a perforated Tin Cover: After 
five Years, weighing the Tree with all the Leaves 
it had borne in that Time, he found it to weigh 
169 Pounds three Ounces, but the Earth to have 
loſt only about two Ounces of its Weight *. 

A. Sir, I am fully convinced and ſatisfied of 
this Matter: But, pray, how is the firſt Gene- 
ration or Production of Plants accounted for ? 

B. All Plants and Vegetables are immediate- 
ly produced and generated from ſome Parent 
Plant, or Vegetable Seed, of the ſame Species. 

A. How can this be, when Plants have been 
often found to grow where Seeds were never 
ſown, or could come ? 

B. There may be a three-fold Anſwer given 
to your Query : For, 1. It is poſſible thoſe 
Plants may ſpring from Seeds which may have 
lain hid in the Earth in thoſe Places more than 
the Age of Man; for ſome Seeds retain their 
Fecundity 40 or 50 Years. 2. They might riſe 
from Seed wafted thither by the Wind, which 
by Reaſon of its wonderful Smallneſs could 
not be ſeen. 3. Thoſe Seeds alſo might be 
brought thither in the Dung of Animals at 
firſt, and ſo increaſe. However, nothing can be 
more effectually confuted than the atheiſtical 
Doctrine of the ſpontaneous Production, or equi- 
vocal Generation of Plants or Animals, in the 


Works of Modern Naturaliſts F. A, Well 


* See alſo Dr. Voodæuard's Experiments relating to this Mat- 
ter, Philoſ. Tranſ. Ne 253. Harris's Lexicon, under the Word 
Vegetation; or in the Philoſophical Library, under the Title Bo- 
tany, Page 437. | 

+ By the /pontaneous Produgiion of Plants is meant, their grow 

3 th ; | ing 
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A. Well then, ſince you will-have it that 

every Plant is produced from the Seed of a 

Plant of the ſame Species, be pleaſed to ex- 
lain how this may be. 


B. It is the Doctrine of modern Phy/zologifts, 


that every Seed hath in itſelf what they call 
Planta Semigalis, or Seed Plant; that is, that 
the Plant which 1s produced from the Seed, is 
really and formally contained in the Seed (be- 
fore it is ſown) in Miniature; and when the 
Seed is ſown, the Parts of the Seed Plant, now 
in Embryo, begin to vegetate, unfold, dilate, 
and at laſt burſt the Matrix Seed, and fo ſwell 
out of its native Bed of Embryoni/m. 


ing, as it were, of their own Accord, or without Seed ; and this 
in regard of Animals is called Equivocal Generation, whereby 
they are produced without Parents 2 Coitu. 

That this Doctrine is directly Atheiſtical, is but too manifeſt ; 
for ſuppoſing the Generation of ſome Plants and Animals to be 
ſpontaneous or caſual now, we can't tell but that the Genera- 
tion of all might have been ſo at firſt; and if the Being of any 
Thing be caſual, or proceeding from Chance, it is certain all we 
can find in the Nature or Compoſition of ſuch a Being, muſt al- 
ſo be fortuitous or by Chance. And thus all the Arguments 
derived from the wonderful Mechaniſm of the Whole, and the 
ſurpriſing Structure of the ſeveral Parts of vegetable and animal 
Bodies (the two great Magazines of Natural Religion) are ut» 
terly deſtroyed. But this is ſo notoriouſly contrary to common 
Senſe and Reaſon, as to need no Refutation. 

Indeed, to. thoſe who know not the Uſe of the Microſcope, 
and have made no nice Enquiry into the, Nature of Things, but 
conſider every Thing in a rude and vulgar View, there may poſ- 
ſibly appear ſome ſpecious Arguments for /pontaneous Genera- 


tion; but they who are willing, may ſee them all confuted in 


Pentley's Boyle's Lect. Sermon 4. Derham's Phylico- Theol. 
Book IV. Chap. 15. Note (1.) Vatis's Philoſ. Eſſays, Eſſay . 
F”oilaſton's Relig. of Nature, Page 88. Fr. Redi Exper. Nat. & 
de Gen, Inſectarum. Ray's Wiſd. of God, Page 344. Clerici 
Phyſ. Part. IV. Cap. 2. f 33, & ſeqq. More's Antidote againſt 
Atheiſm, Book II. Chap. 6. Harris's Lexicon, at the Word 
Generation. With the ſeveral Authors mentioned in Jebr/on'3 


Philoſ. Quæſt. Page 26, 27, aud 33, 34. 
A, Pray 
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A. Pray how came they by ſuch a ſtrange 
Notion of the Production of Vegetaòles? 

B. By the Help of a Micręſcope; for thereby 
they have diſcovered and ſeen the involved 
Stamen of the future Plant in every ſingle Seed, 
which is a very curious and delightful Spectacle 
indeed “. | 

A. Why then, according to this new Doc- 
trine, the firſt original Seed of each Kind (at 
the Creation) contained in it all the future 
Seeds and Plants, which were produced from 
it in all ſucceeding Ages; and yet itſelf no 
bigger then, than we ſee it now. 

B. Yes, it did ſo indeed; and what is prov. 
ed to be Fact, cannot be called in Queſtion, 

A. I cannot help queſtioning it: Is it poſſi» 
ble, for inſtance, that one of our white boil- 
ing Peaſe (which is capable of producing above 
an Hundred-fold each Year) ſhould at the 
Time of the Creation contain within 1ts ſmall 
globular Bulk (about + of an Inch Diameter) 
all that yearly Product of Peaſe, Cods, and 
Haulm or Stalk, of that Kind ever ſince ? 

B. You know Matter doth conſiſt of Parts 
or Corpuſcles, inconceivably ſmall; and to raiſe 
your Admiration the higher, let us make the 


. * By the C:amer is to be underſtood thoſe Rudiments or fim- 
ple original Parts of a Plant or Animal which firſt exit in the 
Embryo or Fatal State, or in the Seed; and which afterwards, 
by Diſtinction and Accretion of nutritious Juices, extends 1t- 
ſelf to its utmoſt Bulk, and then the Plant or Animal is ſaid to 
be perfectly formed, or arrived to its mature State. This, in 
Plants, is likewiſe called Germen or Gem, alſo Planiule, or ſmall 
Plant; and may be ſeen in all Seeds with the Microſcope, and 
in ſome with the naked Eye, as the Bean, and eſpecially the 
Kidney-Bean, where the very Ribs of the Leaves of next Year's 
Flant are vicible in the Seed of this. 
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following Calculation: Suppoſe in your own 
Caſe, that one white Pea will produce an 100 
in the firſt Year ; then thoſe 100 will produce 
each an 100 more the ſecond Year, and fo in 
all 10000; theſe would produce in the third 
Year 1000000, in the fourth Year 100000000, 
in the fifth Year 10000000000, and ſo on, in- 
creaſing each Year in a geometrical Proportion, 
whoſe common Ratio is 100; ſo that the Pro- 
duct in any Year will be expreſſed by a Number 
confiſting of an Unit, with ſo many Cyphers 
annexed, as 1s equal to twice the Number ex- 
preſſing that Year ; therefore ſuppoſing the Age 
of the World were 5673 Years this preſent 
Year, then all the Peaſe produced from that one 
Pea, to this Time, would require a Number, 
conſiſting of 11346 Places of Figures, to ex- 
preſs them: But the Number of Peaſe (reckon- 
ing 50 to a Foot in Length) which would be 
contained in a Cube circumſcribing the Orb of 
the Planet Saturn (which Orb is 1554000000 
Miles in Diameter) would require no more than 
44 Places of Figures to expreſs them : The 
Quantity of Peaſe hitherto produced would 
equal ſuch a Number of thoſe immenſe Cubes, 
as would conſiſt of 11303 Places of Figures; 
which 1s vaſtly beyond all Compariſon and 
human Thought! Beſides the far greater Quan- 
tity of Haulm, Cods, Roots, Leaves, &c. 

A. Well, thoſe who are bleſt with the Gift 
of Credulity to believe any Thing, may believe 
this; for my Part, I think it is the greateſt Im- 
poſſibility, that a ſmall, Pea ſhould contain the 
Quantity of Matter beforeſaid, which is ſuffi- 
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cient to fill Millions of Millions of Millions of 
Worlds. 

B. Then I find there is no making a modern 

modiſh Philoſopher of you, Sir, in every Point? 

A. No, I cannot but think in this Caſe they 
are ſome Way miſtaken, I remember you told 
me, the Vulgar were often deceived by Viſion 
without a Glaſs; and it 1s poſſible the Learned 
may be ſometimes with one: But leaving this 
to the Inventors, pray what Kind of Proceſs 
doth Nature take to raiſe the Plant from the 
Seed in the Ground? 

B. The Method of Nature here (as in all her 
other Works) is moſt admirable, as will appear 
in the curious Mechaniſm and Conſtruction of 
a Bean Root, for Inſtance; (ſee Fig. XXXVIII. 
on Plate XXII, fronting p. 262.) In that Fi- 
gure AB repreſents the two Lobes of the Bean 
ſlit, which are joined together by a little white 
Sprig in O; in each Lobe you ſee the Branches 
aaa, of that called the Seed Root ee, every 
where diſplayed thro' the Body of the Bean: 
Theſe Branches of the Seed Root ee feed the lit- 
tle Sprout, or Earth Root oc (deſcending down- 
wards) with the Pulpor Matter of the Bean (pre- 
pared by the Ferment of the Earth) till the ſaid 
Earth Root is capable of penetrating the Earth, 
and extending its Parts ſuthciently enough to 
extract, for itſelf and the Plant it is to ſaſtain, 
Nouriſhment from the Juices and Moiſture of 
the Earth: For from this Earth Root there 
ſpringeth upward the Sprout F, cailed (by Dr. 
Grew / the Pluma or Feather; and inthis Pluma, 
and the Earth Root oe 18 ä in 
Ainlature, all the future Plant. . Why 
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A. Why then it appears, that the Matter or 


Subſtance of the Bean ſerves much the ſame 
Purpoſe to the Seed Root, as the Volk of an Egg 
to the Embryo Chick; or as the Earth doth at- 
terwards to the Radic, or Earth Root itſelf ? 

B. Yes, it doth ſo; and having enabled the 
Earth Root to ſhoot into the Earth, in order to 
procure its own Nouriſhment, it is then, by 
Means of the Seed Root,, turned to the Uſe of 
the Pluma; caufing it alſo to ſprout upwards, 
in order to become a Trunk hereafter. 

A. What becomes of thoſe Seed Lobes AB, 
when the Earth Root no longer requires their 
Vle ? 

B. They are, in moſt Seeds, carried upwards 
with the Pluma out of the Earth, after pe 
they compoſe the Seed Leaves, as they a 
called, as in Cucumbers and French Beans we 
ſee them. 

A. What is the Uſe of thoſe Seed Leaves to 
Plants? 

B. The Effects and Uſes of theſe Seed Leaves 
(ſaith the learned Mal pigbi) are ſo neceſſary, that 
if they are pulled off, the Plant will not grow; 
or if it ſhould any Way increaſe, it won't be 
compleat, but always defective. The Learned 
are divided as to their particular Uſes to Plants. 

A. In the next Place, pleaſe to let me know 
particularly in what Manner the Root of the 
Plant procures Nouriſhment for its Growth and 
Increaſe. 

B. In order to this, I muſt ſhew you the 


Make and Conſtruction of the Root, and, as it - 


were, anatomize the ſeveral Parts to your View; 
and 
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and then point out their Uſes, To this End, I 


ſhall chooſe two Roots, vg. a Root of Worm- 
wood, as Fig. XXXIX. on Plate XXIII, front- 
ing p. 257; and a Hor ſe-Radiſb Root, Fig. XL. 
on the ſame Plate; in each of which, T re- 

reſents the Root cut tranſverſely as it appears to 
the naked Eye: The other great quadrantal 
Figures are each a Quarter of the aforeſaid 
Section T, magnified to the Sight by a Micro- 
ſcope; which thus enlarged, ſhews the various 
organical Parts of which it is compoſed, and by 
which Vegetation is performed. 

A. And does this Glaſs, indeed, thus mag- 
nify and enlarge the ſmall Section T? What 
wonderful Diſcoveries have been reſerved for 
this curious and inquiſitive Age! Pray deſcribe 
to me the different Appearances of thoſe mag- 
nified Sections. 

B. I will, in the following Order. 1. Ab is 
the Skin or Rind, or outward Membrane in- 
cluding the Root. 2. From A to C in the 
Wormwwood Root is the Bark, which is a mem- 
branous Subſtance, conſiſting partly of a great 
Number of little Bladders or Veſicles BBB; the 
ſame is repreſented by AB in the Horſe-Raaifh 
Root: It alſo conſiſteth in Part of a igneous ot 
woody Subſtance, as from B to L in the Root 
laſt named. 3. The Wood of the Root is all 
that Part between B and E in the Horſe-Radiſb 
Root ; and from CC, to the very Centre in the 
IWeormwooed Root. 4. The Wood of the Root 
conſiſteth alſo of two different Subſtances, v. 
a ligneous one, properly the Wood, as EEE, and 


a parenchymous one, like that of the Bark, as 
DDD, 
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DDD, inſerted regularly between the Portions 
of Wood; theſe are very diſtin& in the Morm- 
wood Root, but in the Radiſb Root, and in ſe- 
veral others, they are not ſo viſible. 5. In the 
Wood you lee the Orifices of ſeveral Tubes, or 
hollow Veins aaaa, which are the Mouths of 
Air-Veſjels. 6. From G to E, in the Radiſh 
Root, is another little Circle of Veſſels, like 
thoſe of the Bark. 7. Laftly, From E to the 
Centre, in the Radiſb Root, is the Pith, which 
conſiſteth of the ſame parenchymous, or ſpongy 
Subſtance of Bladders, as doth the Bark, and 
Part of the Wood ; but the Pith is not com- 
mon to all Roots, as you ſee there is none in 
the Yormwond Root &. 

A. And, pray, what is the Uſe 1 ſeveral 
Parts of the Root now deſcribed ? 

B. The Bladders in the Bark render it a 
ſpongy Subſtance, which therefore is fit to im- 
bibe and ſuck up the watery Parts of the Soil, 
which are impregnated with the Principles of 
vegetable Life and Growth: This impregnated 
Water imbibed by the Bark is what we call the 
Sap; the Skin of the Root ſerving as a Filtre, 
to ſtrain and purify it at its firſt Entrance. 2. 
The Sap, thus ſtreined and imbibed, doth fer- 
ment in the Subſtance of the Bark, whereby 
it becoms farther prepared, and fo doth more 
eaſily inſinuate itſelf into the parenchymous Sub- 

* The Word parenchyma was formerly uſed to denote that 
red fleſhy Subſtance which lies between the Interſtices of the 
Veſſels in the Bowels, and gives them their Bulk; as in the Li- 
ver, Kidneys, Spleen, & c. from whence it was aſterwards uſed to 
ignmify the ſoft, ſpongeous, or pulpy Parts of any Body, as of 


the Leaves, Roots, Ts. of Plants. And hence it is uſual to ſay, 
ſuch Parts are parenchymous, that have ſuch a Matter and Texture. 
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ſtance of the Root; whereupon, partly by the 
Appulſe of freſh Sap, and partly by the pulſive 
Motion of the extended Bladders of the Paren- 
chyma, the Sap 1s torced thence into the other 
Parts of the Root; and is ſtill more and more = 
ſtrained in its Paſſage from Bladder to Bladder. 1 

2. The Sap, thus diſtributed through the whole it 
Rook, doth ſupply its organical Parts with thoſe 1 
Principles of Nouriſhment which every one re- 
quires; and thus the Root, by the conſtant Ap- 
plication of thoſe nutritious Principles, receives 
its Increment, Solidity, and Growth, or vegeta- [1 
tive Life and Motion in every Part. 

A. To what End do thoſe vou call Air-Veſ | 
ſels ſerve? - 9 

B. In them is contained a proper Kind of 
vegetable Air or Vapour, which ſerveth to fer- 
ment the Sap now entering the ligneous Part, 
the better to qualify it for Aſſimilation, or 
uniting therewith. 

A. Why, I pray, do the Roots of ſome 
Plants yield a milky Juice or Liquor, and others 9 
a clear watery one, when cut ? 0 

B. Becauſe that in each Root, the Fluid or 2 
Liquor of each organical Part is made chiefly b 
different Filtration of the Sap through the Sides 
thereof; therefore thoſe which ſtrain more freely 
the aqueous or watery Part of the Sap, contain 
a Lympha, or clear Water; and are hence called 
Lymphadutts}; and where theſe are moſt nume- 
rous in Roots, ſuch Roots, when cut, will bleed 
a Lympha. As, on the other Hand, thole Veſ- 
ſels, which are diſpoſed to admit the oily or 
balſamic Part of the Sap moſt copiouſly, are 

* called 
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called lactiferous V. Gele; and Roots, which con- 
tain a great Plenty of thoſe, will, when cut, 
bleed a milky, oily, or balſamic Liquor. | 

A. When the Root is thus formed, and in- 
ſtructed with all its ſeveral Organs of Vegeta- 
tion, as you have now related ; pray which is 
the next Step which Nature takes in the Pro- 
duction of the Plant ? 

B. The Root being now become the Procu- 
rator for the future Plant, doth, by extracting 
from the Earth, by its Veſſels, proper vegetable 
Juicesand Aliment, adminiſter or communicate 
the ſame to the Pluma, or Seed- Plant (ſuſtained, 
till now, from the Subſtance of the Seed, by the 
Seed-Root, or Seed-Leaves) and thereby cauſeth 
it to ſhoot forth vigorouſly and increaſe, and 
gradually to ſwell out or unfold all its Blades, 
Branches, Buds, Leaves, Flowers, and Seeds 
again, from various Parts of its Stalk or Trunk. 

A. Then, I ſuppoſe, the ſame Mechaniſm, | 
or Apparatus of organized Parts, is continued 
from the Root to the Trunk or Stem of the 
Plant for the Communication of this vegetable 
Suſtenance ; is it not? 

B. Yes; and that you may ſee it is fo, I 
have taken Fig. XLI. on Plate XXIV. fronting 
b. 290, from Dr. Grew, for your Satisfaction: 
In which T repreſents one Quarter of a Section 
of a Haſle-Branch, as it appears to the Eye; 
AGB is the ſame as it appears through a good 
Microſcope; wherein AB is the Skin; ABCD 
the Bark; QQU the Parenchyma of Bladders, 
or Sap-Veſſels; HI a Ring of a ſpecial Sort of 
Veſſels: PP common Sap- Veſſels; CDEF the 
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ligneous Subſtance, or Wood, of three Years =_ 3 | 
Growth; KLFE the Wood of two Years; .- 
MNEF the Wood of the firſt Year; XX the 1 
parenchymous Inſertions; O the Pith full of Ve- i 
ficles; the black Parcels are the ſolid Wood; 
thoſe numerous Holes appearing all over the 
fame, are the Mouths of Air-Veſſels: Thus 
you ſee the organical Conſtitution of the Stalk, 
or Trunk, is the fame with that I before ſhewed 
in the Root. 

A. It is ſo indeed, and J am ſurprized to ſee 
ſuch wonderous Contrivance and Analogy of the 
Organization of Vegetables! But, pray, go on. 

B. The nutritious Sap aſcends the firſt Year 
of a Plant's Growth by the Veſſels of the Pith; 
after which the Pith becomes dry, and fo con- 
tinues. 2. The next Part, through which the 
Sap riſeth, is the Wood, by the Air-Veſlels, and 
that only in the Spring. 3. The third Part, by 
which it aſcends, is the Bark, as before ſaid, the 
greateſt Part of the Year; and this is the gene- 


ral Theory of the Motion of the Sap #. 


* Thus the learned Dr. Grew; but it is a Matter of great 
Controverſy how the Sap aſcends, and what Courſe it takes after 
it is imbibed by the Roots, whether it is by the Bark, the Pith, 
or the Mood, or all, as above-mentioned. The Retainers to each 
Hypotheſis, and the Arguments produced to ſupport it, ſee in 
Shaw?s Notes to Boerbaave's Chymiſtry, p. 146, 147, and 148 
of the Theory. 

Some Naturaliſts trongly maintain a Circulation of the Sap in 
Plants and Trees: But the Reverend Mr. Hales, in his Fegetable 
Siatics, will not allow it, but endeavours to prove the contrary, 
Vol. I. Exper. 46, &c. 

Dr. Boerhaave ſays, that, ſince the Sap is furniſhed by the 
Earth, it will conſiſt of ſome fie Parts, fome Parts delivered 
from the Air and Rain, and others from putrefied Animals, Plants, 
Sc. and that therefore in Vegetables are contained all Kinds of 
Salt, Oil, Water, Earth, and probably all Kinds of Metals too, 
ſince their Aſhes always afford ſomewhat which the Loadſtone 
attracts, Theory of Chymiſtry, by Shaw, Page 147. 


T 2 A. But, 
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A. But, ſince both Root and Branch contain 
Air-Veſſels, pray, in what Part of the Plant 
doth the Air firſt enter it? 

B. The chief Entrance of Air is at the Root, 
along with the Sap; but it alſo enters, more or 
leſs, at the Trunk, Leaves, &c. Parts of the 
Plant : The Air, or airy Part of the Sap, be- 
ing thus raiſed in its proper Veſſels, is filtred 
through the ſame into the Veſicles of the pa- 
renchymous Inſertions in the Wood; and thus 
is diſtributed through all the Parts of the Plant 
or Tree. | 

A. Pray why are the Stalks of ſome Plants 
hollow within ? 

B. Partly for the more expedient Ripening 
of the Fruit or Seed, which is better effected 


by a more plentiful Supply of Air by theſe hol- 


low Trunks; and partly for the better deter- 
mining the true Age of the Plant; for the Air 
in this Hollow, by drying up the Sap, ſhrinketh 
the Sap-Veſlels ſo far as to hinder the Motion 
of the Sap therein; whence the Plant muſt 
periſh of Courſe : Hence it is, that the greater 
Part of annual Trunks are hollow. 

A. Pleaſe next to ſay, whence the Form or 
Figuration of the Trunks of Plants and Trees 
proceeds? 

B. Chiefly from the Air in the Air-Veſlels : 
Thus almoſt all Shrubs have a greater Number 
of Air-Veſſels, and thoſe of a ſmaller Size; 


* Mr. Hales has proved, by many. curious Experiments, that 
all Plants perſpire in a conſiderable Degree, but Ewver-greens the 
leaſt of any. He diſcovered, that the Quantity of Nouriſhment, 
imbibed and perſpired in a San-Floaver, is to that of a Man, 
Bulk for Bulk, as 17 to 1. Veget. Statics, Exper. 1. 
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which, therefore, moit gaſily yielding to the 
magnetic Attraction of the external Air, do 
conſequently ſpread much abroad; by which 
ſpreading the Air-Veſſels do fooner and more 
eaſily ſtrike into the Bark, and ſo produce col- 
lateral Buds and Branches, and that upon the 
firſt Riſing of the Plant from the Root; and 
thus it becomes a Shrub : But, if the ſaid Air- 
Veſſels are very large, as in Oak, Walnut, Elm, 
&c. they will not ſo eaſily yield or ſhoot out 
collaterally ; and fo the Trunk grows up taller 
and more entire, 

A. Why do fome Trees run up ſo very ſlen- 
der, and others ſo very thick and big ? 

B. This is from the Poſition of the Air-Veſ- 
ſels; for where they lie moſt circular round 
the Center in Form of Rings, as in Elm and 
Aſh, there the Tree in Proportion grows more 
tall and taper, and leſs thick: But, when the 
ſaid Veſſels ſpread more broad, and are poſtured 
in Lines from the Center, as in Oak, Sc. 
then the Tree grows very thick; in this Caſe, 
the diametrical Growth of the Wood is 
more promoted than in any other: For which 
general Reaſon, alſo, Trees grow round or an- 
gular. 

A. Pray, how comes it to paſs, that ſeveral 
Stalks of Plants have Fonts or Knots? And 
what is their Uſe :? | 


B. Becauſe, in forming the Branch or Blade, 


both the Rind and woody Subſtance thereof are, 
upon their ſhooting forth, divaricated from their 
perpendicular Poſture to a croſs Poſition, and 
as they with the other grow and thrive toge- 
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ther, they bind and throng each other into a 
Knot. The Uſes of®Knots are two, v7z. for 
ſtrengthening the Stem, and for finer Growth; 
for the Knots {ſerve to ſtrain and tranſmit the 
Juices more refined to the upper Parts, and to 
the Fruit. 

A. How do you account for the Production 
and Textures of the Leaves ? 


B. The Parts of the Leaf are ſubſtantially the 


ſame with thoſe of the Branch; its Skin is the 
Continuation of that of the Branch; the Fibres, 
or Nerves, diſperſed through the Leaf, are only 
Ramifications of the Branch's Wood, or ligneous 
Body; the parenchymous Subſtance, which lies 
between the Fibres, is nothing but the Conti- 
nuation of the cortical Body, or Subſtance of 


the Bark, ſpread through the ſame “. 
| A. Pray 


* The Leaves of Plants (ſuch as have woody Fibres) are eaſily 
anatomized, and a Skeleton of the Fibres made as follows : 

1. The Leaves muſt be gathered when full grown, or old, but 
not dry; then expoſe them in an open Veſſel of Water, and as 
faſt as it evaporates fill it up again. 

2. After about a Month or two the Leaves will begin to pu- 
trify, or grow ſoft ; and the Pellicle, or thin Skin on each Side, 
will firſt begin to ſeparate from-the pulpous Part of the Leaves. 

3. The Leaf 1s then to be put into a broad Pan of Water, 
where you have Room to ſqueeze the pulpous or green Sub- 
ſtance of the Leaf, which muſt be very = „ and it will eaſily 
ſeparate from it, and leave an entire Skeleton of Fibres. 

4. Or ſometimes I have only laid the Leaf, ſtript of its Skins 
or Membranes, on a Piece of Paper, where, after it has lain a 
little to dry, I have only taken hold of the Tail ofthe Leaf, and, 
gently raiſing it, the Skeleton has freely ſeparated from the Pulp, 
which adhered to the Paper. 

5. In many of theſe Skeletons. as that of the Apple-Tree, 
Cherry-Tree, Holm, Sc. you will find, that all the Fibres, great 


and ſmall, are double ; or that there are two Layers or Planes of 


Fibres, which, you will obſerve, may be eafily ſeparated from 
each cther through the whole Skeleton. 
6. Theſe 
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A. Pray what is the Uſe of Leaves? 

B. Firſt, For Protection, which they afford 
to each other, and to the Flower in the Bud; 
as alſo to the Fruit itſelf in ſome Plants. Se- 
condly, For Augmentation; for the Capacity for 
the due Spreading and Ampliation of a Tree, or 
Plant, are its Leaves. Thirdly, They ſerve to 
the greater Purity and Preparation of the Sap; 


the groſſer Parts of which are retained in the 


Leaves, while the more elaborate and eſſential 
are ſupplied to the Flower, Fruit, and Seed, as 
their proper Aliment. Fourthly, They ſerve to 
Perſpiration ; for thoſe Orifices, obſerved to be 
in Leaves, perform the ſame Functions in Trees, 
as the Pores of the Body do in Men; that is, 
to cauſe an inviſible Perſpiration in Plants *. 


A. Pray 


6. Theſe two Planes of woody Fibres, which oppoſe the 
Skeleton of a Leaf, are ſuppoſed to be analogous to the Arteries 
and Veins of an Animal Body. But there is no diſcerning which 
are the arterial, and which the venal Fibres. See the Figure 
of the Skeleton, and its Duplicature, of an Apple-Leaf in Fig. 
LXVII. on Plate XX. fronung Page 233. 

7. After a like Manner may Fruits be prepared, and Skeletons 
of them procured, as Apples, Pears, Peaches, &c. They mult 
be ſound and good, pared very nicely, then boiled gently till 
they are thoroughly ſoft; then, taking them out, and putting 
them into a Baſon of cold Water, hold the Tail in one Hand, 
and, with one Fingerand Thumb of the other, rub the Pulp gent- 
ly off, and preſerve the Skeleton in Spirit of Wine rectified. 

8. Carrots, and other Roots that have woody Fibres, muſt be 
boiled without paring till. they grow ſoft, and the Pulp comes 
off, Not only many Sorts of Roots, but the Bark of ſeveral 
Trees alſo, may be reduced after this Method into Skeletons, 
preſenting rare and curious Views of Vegetables. Philo}. Tran}. 
No 414, and 416. | 

* Notwithſtanding the great Perſpiration in Animalsand Plants, 
I neveryet could diſcover any Thing like Pores in the Scarf -· Skin 
of the one, or the fine Membranes which cover the Leaves of the 
other ; though I have often ſought them in the moſt proper Sub- 


jects, and with the beſt Sort of double reflecting Microſcopes. 
T 4 I know 
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A. Pray what do you obſerve concerning the 
Flowers of Plants? 

B. In the Flower may be obſerved : 1. The 
Empalement, or Calyx, or the Cup, which con- 
taineth the Flower, and is deſigned for the 
Guard and Security of the other Parts of the 
Flower. 2. The Foliation, or Compolure of 
Leaves, which are of divers Forms and Colours; 
whoſe conſtituent Parts are the ſame as thoſe 
of the Leaves, viz. Skin, Parenchyma, Air, 
and Sap- Veſſels. - 3. Within the Foliage ſtands 
the Attire; that is, thoſe fine upright Stems 
with their Apices, and the Style in the very 
Middle of all; and theſe are the general Parts 
of which the Flower doth conſiſt. 

A, Pray can you tell the Uſes of thoſe ſeveral 
Parts of the Flower ? | 
B. The Empalement, as! ſaid, is for the Secu- 
rity of the Flowerin Embryo, and afterwards for 
the Support of the Foliage, to keep the Leaves of 
the Flower in due and decorous Poſture, which 


T know. Mr. Lewwenboek (in Tran}, Ne 369) tells us, that he 
has viewed theſe Pores or Spiracles very clearly in the Leaves 
of Box; and that, on one Superficies of ſuch a Leaf, he has com- 
puted 172099 Pores, and on the other as many. The Royal 
Society has received and admitted this to paſs for Truth; whereas, 


I believe it may be eaſily made to appear, that nothing is more 


falſe, avd that, inſtead of ſeeing 344180 Pores, he never ſaw one. 
It is no hard Matter alſo to point out the Grounds of the Fallacy, 
or to prove, that this 1s not the only Error which this Prince of 
the Virtuo/7 has fallen into, and publiſhed to the World. But 
theſe Matters mull be referred to a future Tract on theſe Subjects. 
I ſhall only here obſerve, that there is ſomething exceeding fine 
and delicate in the Texture of the Pellicle or fine Membrane 
which covers the Box Leaf, and alſo in the Skeleton made 
thereof. Allo that the franſparent Spherules, or round cl:arDtops, 
ſanding all over the Surtace of the Aeaves of Hy/op, Mint, &c. 
and others of other Forms and Colours on other Plants, make 
4 very pleaſant and a in the Microſcope. 


would 
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would otherwiſe hang uncouth and taudry, as 
a Lady without her Bodice. The Foliage, or 
Leaves of the Flower, defend the Attire, and 
in ſome Plants the Fruit; it alſo ſerves for the 
further Refining and Separation of proper Parts 
of the Sap for the perfecting the Seed. The 
Attireis an Ornament and Diſtinction in Flow- 


ers. It ſupplies alſo divers Kinds of ſmall Ani- 
mals with Food, which harbour therein; that 


is, in the Hollownels of the Style. Laſihy, it 


is ſuppoled, it alſo ſerveth as Male Sperm to im- 
pregnate and fructify the Seed k. 


A. What is the Nature and Compoſition of 
Fruit, I pray you? 


B. The general Nature and Compoſition of 
all Fruit, is one and the fame; that is, their eſ- 


That there is ſuch a Thing as a Sex in Plants; that ſome 
Plants are Male, others Female, and moſt Her maphrodite; and that 
the Flower is the Pudendumofthe Plant, as containing the Parts of 
Generation; are Points agreed on as certain by modern Naturaliſts. 

2. The Male Parts of a Flower are the Stamina, or Stems, 
and their Ap7ces, orlittle Tops, which contain the fine Powder, or 
Farina, which is imagined to be the Semen, or Sperm of the Plant. 

3. The Female Parts arc the Style, which ſerves to receive the 
Semen; and the Sced-Caſe at the Bottom of the Style, which is 
judged to be the Matrix, or Womb of the Plant. 

4. Some Plants have only the Male Parts of the Flower, and 
they never bear Fruit; others the Female Parts only, and they 
bear Fruit. In athers, as Cucumbers, Melons, Gour ds, Walnut, 
Oak, Beech, Cc. the Male and Female Flowers grow at ſome 
Diſtance from each other. But, 

5. Moſt Plants are Hermaphrodite, or have the Male and Fe- 
male Parts in the ſame Flower, as the Pulp, Lily, Polyanthus, &c. 

6. The Learned can't, as yet, fully prove the Manner of Im- 
pregnation and Generation of Plants; it is generally agreed, 
that the Farina falling from the Apices, is received by the Szy/z 
or Pile, which conveys it to the Seed-Caſe below, where it 
impregnates the Embryo- Seed contained therein. There is 

much to be ſaid for and againſt this Hypotheſis, a ſhort View of 
Which Controverſy the Reader may meet with in Shaw's Notes 


to Brier hbaawe's Chymiſtry, Page 149 and 15 of the Theory, and 
in the other Eotanical Authors. 
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ſential and truly vital Parts are in all the ſame; 
and but the Continuation of thoſe which I have 
already obſerved to you, do conſtitute the other 
Parts of the Plant. But, by the different Con- 
ſtitution and Textures of theſe Parts, divers 
conſiderable different Fruits reſult, as Apples, 
Pears, Plums, Nuts, Berries, &c. 

A. Pray what are the particular Parts which 
compole thoſe different Fruits? 

B. The Apple doth conſiſt of theſe four, viz. 
the Pilling, the Parenchyma or Pulp, Bran- 
chery, and Coar. The Pear hath five diſtinct 
Parts; the Pilling, the Parenchyma, the Bran- 
chery, Calculary, and Acetary. The Plum (to 
which the Cherry, Apricot, Peach, &c. may be 
referred) conſiſts of four Parts; the Pilling, 
Parenchyma, Branchery, and Stone. The Berry 
conſiſteth of four Parts; the Pilling, the Paren- 
chyma, Branchery, and Seed. The Nut con- 
ſiſteth of three Parts; the Cap, the Shell, and 
PYuhb. All which are regularly treated of by Dr. 
Grew in his Anatomy of Plants. 

A. Pray (to be ſhort) what are the principal 
Uſes of Fruit? 

B. The Uſe of Fruit is two-fold : For, fr}, 
it ſerveth Man (and I may ſay Beaſt) as a deli- 


cious and pleaſant Meat, or Food; beſides the 


various Purpoſes of Medicine. Secondly, It ſup- 
plies the Seed with a due, and moſt convenient 
Sap; the Fruit doing the ſame Office tothe Seed, 
as the Leaves do to the Fruit, vig. that, by a 
due Purification and Exaltation of the Sap, the 
Seed may obtain its Perfection. 


A. Pray what is the Seed, in its State of Ge- 
eration? B. As 
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B. As the original, ſo the ultimate End and 
Perfection of Vegetation, is the Seed. How ir 
hath been in its State adapted to Vegetation, we 
have already ſeen. Its State of Generation is as 
follows: The Sap, having in the Root, Trunk, 
and Leaves, paſſed divers Concoctions and Se- 
parations, is now, at laſt, in ſome good Matu- 
rity, advanced towards the Seed. In the Fruit, 
as was ſaid, it is ſtill farther prepared; and the 
more eſſential Part is tranſmitted into that par- 
ticular Part of the Branchery, called the Seed- 
Branch; which, becauſe it is a good Length, 
and very fine, doth yet farther maturate the Sap 
in pafſing through it: In this mature State, it is 
conducted through the Seed-Branch into the 
Coats of the Seed, as into the Womb. The 
meaner Part of the Sap to the outer Coat, the 
more fine is tranſmitted to the inner Coat, where 
it is farther prepared by Fermentation; and 
thence is filtred through a fine Skin into the in- 
moſt Part or Subſtance of the Seed, and there 
becomes a Liquor fit for the actuating the future 
Embryo- Seed, or cauſing it to vegetate, and the 
Plume to ſhoot forth. 

A. But pray, Sir, before you quite diſmiſs the 
Subject of Plants, pleaſe to let me know what 
you think of Moſs, Miiſbrooms, and thoſe fungous 
Excreſcences adhering to the Sides of Trees ? 

B. Muſhrooms, Moſs, and other fungous Sub- 
ſtances, are a ſpurious Kind of Plants, or which 
may becalled excrementitious Plants, fince they 
ariſe intirely from the Bodies of other Plants, or 
from a Kind of viſcous Mucilage of the Earth : 


They grow, indeed, and have Roots, ſome inſerted 
into 
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into the Fibres of the Plant producing them, 
as Mihletoe is radicated into the Fibres of the 
Oak; and Moſs to the Fibres of the Barks of 
Trees. Muſhrooms ariſe from various Matters 
in Earth or Wood, and are found to confift of 
a vaſt Bundle of Fibres, proceeding from the 
Subſtance on which they grow; theſe make 
the Stalk, and thence divaricating, ſpread and 
extend themſelves into a ſpherical Canopy, or 
Head, which contains a ſucculent Parenchyma; 
on the under Part of which, I am apt to think, 
the Seed may be produced, (though none hath 
hitherto been ſeen) which being wafted about b 
the Wind, falls in divers Places of the Earth, and 
there takes Root and grows: Thus N un- 
doubtedly bears Seed, by which the various Sorts 
thereof are propagated ; though, for their 
Smalineſs, they cannot be ſeen “. 


A. I am 


Ot Mes, Naturaliſts make mention of about zoo different 
K* Wk though thoſe which grow common are not above 50. 
They bave great Variety in their Growth, Form, and Make; 
and molt of them afford an agreeable Sight in the Microſcope, 
I never could diſcover any Thing like Flower-Seeds in many of 
them; and therefore they. are truly judged to be Plants of their 
own Kind. | 
2. Dr. Lifter takes the Gills of Muſh:ooms to be the very 
Flower and Secd of the Plant; indeed no other can be diſcovered 
by tne Microſcope. Ihe Mouldineſs on Leather, Paſte, Pickles, 
Sc. is of the Muyufhroom Tribe; they are well known to be of a 


ſpeedy Growth; they coniiſt of Multitudes of fine Stalks or 


Stems ; on the Tops whereof grow round Heads, containing a 
Find of Liquor, as I have often found by bruiſing them under 
the icroſcope. 

The Fungi, or what we ca 7-w5-Zar, Agaric, &c. which 
grov on the Rind of Trees, are of a very porous Subſtance; if 
the Super iicies of ſome be viewed with a Microſcope, it will ap- 
Pear! like a Honey-Comb, full of Holes, which go deep, and 
make a fiſtular Subſtance. In theſe there is ſtill leſs diſcernible 
of Roots, Flowers, or Seed. 

4. The 
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A. I am greatly obliged to you, Si, for this 
conciſe and regular Epitome of the Science of 
Vegetation; and conſequently the 7rue Theoryof 
Plants: I never underſtood ſo much before, 
nor, indeed, have I Time to peruſe vo/uminous 


Authors. 

4. The Puff-Balls are another odd Sort of Production; theſe 
at firſt have a fleſhy Subſtance pretty firm, which by Degrees 
becoming more ripe, changes to a Kind of Duſt, which Mr. 
Bradley takes to be the Seed. 

5. The Truffle, like the Puff Ball, is formed under Ground ; 
it lies about ſix or eight Inches deep; 1s of a firm and fleſhy Sub- 
ſtance within, and cortical without; the fleſhy Part, if viewed in 
thin Slices under the Microſcope, appears to be compoſed of 
roundiſh, opake, and very ſmall Particles, thickly interſperſed 
through a white, tranſparent, and ſeemingly vaſcular Subſtance, 
which runs in large and finer Veins all over the Subſtance of the 
Truffle. They are of two Kinds, one round, the other of an 
Egg-like Figure. They are of a ſtrong and very diſagreeable 
Odour; but are eſteemed in Foodas a very delicious and luxurious 
Piece of Dainty. They are found very common in the Woods 
of Italy and France; and, of late, in divers Parts of England. And 
Dogs are here taught to hunt them out with as great Sagacity, 
and as eaſily, as to ſet Game. 

6. As to what relates to the Submarine Vegetables, or thoſe 
whieh grow in and underthe Sea, as the large green membrancus 
Seabelts, which grow on Stones; the Tuci, and other Sea- 


Weeds ; the Coralines on Stones and Oyſter- ſnells; the Sea-Far; . 


the Coral, which grows on Roch,; the Spenge, &c. they are 
ſo numerous, and various, as not to be treated of here; only this 
I ſhall obſerve, in general, that they appear to be deficient in 
Roots, Flowers, and Seeds; and are molt of a very wonderful 
Texture and Make, eſpecially the Sponge, which makes the 
fine{t of Spectacles in the Microſcope. 

7. For Abundance more on this Head, conſult Dr. Greav's 
and Malpighti's Anatomy of Plants. Tournefort's Inftit. Rei Herba— 
rie. Bradley on Gardening, and his Philoſophical Account of the 
Works of Nature. The Spectacle de la Nature, Vol. IL. Miller's 
Gardener's Didlionary, Fol. Ray's Method and Hiſtory of Plants, 
Hales's Vegetable Statics, Vol. I. Pamet on Drugs. Clerici Phy/. 
Lib. IV. Cap. 1. 2, 3. Shaw's Notes to Boerhaave's Chymiſtry, 
Page 142, Ec. Derham's Phy/ico-T heology, Book X. The Philolog. 
Lions under the Title Botany, Page 431. Chambers and Har- 
ris's Lexicon. Philiſoph. Tranſ, abridged by Loxwthorp, Vol. II. 
Chap. 5. FTones's Continuation, Vol. IV. Part 2. Chap. 5. 
Eames and Martyn's Continuation, Vol. VI. Part II. Chap. 5. 
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n 
Z00GRAPHY, or the PHILOSOPHY of ANT- 
MALS ; of the HUMAN Bopy, and its ſolid 


and fluid Parts ; a SURVEY of the Nature of 


BeasTs, of Fowr, of FisHEs, of InstcTs, 


of REPTILES, of SHELL-ANIMALS, Cc. of 


Health, Diſeaſe, Vigilance, Sleep, Dreams, 
Hunger, Thirſt, Death. |; 


A. RAV what is the Etymology of the 
Word Zoography ? 

B. It is compoſed of the Greek Cor, an Ani- 
mal, or Living Creature, and ypuon, a Deſcrip- 
tion; and thence it imports a phyſiological De- 
ſcription of the Nature and Properties of a 
Living Creature, which we call by the general 
Term Animal k. ee 


* 1. The Word Animal is 2 Derivation from the Latin Word 
Anima, which Word, with the Romans and all Latin Writers, 
fignifies the Saul: Now let us ſee what Ideas the Latinsexprefſed 
by this Word, that we may have the better Notion of what we 
call the Soul, and how far Animals have a Share therein. 

2. The Word Anima was derived from the Greet evewee, 
which ſignifies the Wind or Air, which therefore muſt be the 
original, or primary Senſe of this Word; and fo Virgil uſes it, 
Quantum Ignis Animeque valent, En. 8. Secondly. it was uſed 
for the Breath; thus Plautus, An fatet Anima Uxovis juz? 
Thirdly, it was often uſed for the Body. Fourthly, for the 
Mind; which was generally expreſſed by another Word, Animus. 
Fifthly, it ſometimes figoitied the Paſſions ; as, Comprime Ani- 
mam, Plaut. Sixthly, the moſt uſual Signification of all, was 
- Life, or that Principle by which Bodies /zve, move, and have 

en ſe. | 

3. In Greet, what we call Animal, is called fimply Cw, a 
Living Creature, from &, to live. The Greeks indeed have a 
Word for the Soul, viz. yvxxn; but then this Word alſo was de- 
rived from the Word xu, to blow, to breathe, to cool, &c. and fo 
hath no other Signification in the original Uſe, than that of the 
Breath, or Blaſi of Wind ; after which, it comes to be uſed for 


the 


* 
4 
| 
3 
. 
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A. How many Sorts of Animals are there? 
B. Naturaliſts generally diſtribute Animals 
into ſeven great Kinds, viz. (I.) Rational Ani- 
mals, or Mankind. (2.) Quadrupeds, or four- 
tooted Beaſts, (3.) Birds, or Fowl. (4) Fiſhes. 
(5.) Inſetts. 8; Reptiles. (7.) Conchilious, or 
Shell- Animals. Of each of theſe we will take 


a ſhort Survey; and then conclude with a few 
Reflections on the common Accidents of Animal 


Life. 
A. I preſume your intended Survey of Man 


will extend no farther than the Animal Part ; 


pray, therefore, what are the Component Parts 
of our Bodies ? 


B. The human Body confiſts of /o/id and 


fluid Parts, which in general are called the So- 


lids and Fluids, or Humours of the Body. 

A. What are the general Diviſions of this 
Part of Philoſophy ? | 

B. I ſhall here divide it with reſpe& to the 
different Perfection of Animals; viz, 


I. Anthropography, of the Luman Body. 


the Body, the Life, and the Mind, all which Senſes are frequent 


in the New Teſtament, and other Greek Writers. 

4. Laftly, the Words which ſignified the Sou among the He- 
brews, were two. viz. wg, which ſignifies the /en/itive Soul: 
And Nya, the Human or rational Soul; but both theſe Words, 
likewiſe, in their original and primary Senſe, were uſed for Ha- 
litus, Flatus, Reſpiratio, that is, for the Breath or Reſpiration in 
Animals. See Ger. ii. 7. Job xxxvii. 10. T/aiah ii. 22, &e. 

5. Now if the Words in three original Languages, which were 
uſed for the Soul, do primarily mean no more than the Breath, 
and, at moſt, the Lie of Living Creatures, I think, it is evident 
that all Creatures which breathe, and have Senſe and Life, may 
properly, yea literally, be ſaid to have a Soul; which Soul, in 
all Animals, is in a greater or leſſer Degree perfect, according 
as their Faculties and Powers of Life, Senſe, and Mind, are fo. 


2. Zoo- 
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2. Zoography, of the Bodies of 'Brutes in 


41 particular. Bo 
3. Ornithography, of the N ature of Birds or 4 
| bl Fowl. 3. 
„ 4. Ichthyograpliy, of the Nature of Fiſhes. FL 

bs | 5. Entomatography, of the Nature of Iaſects. 9. 
0 | 6. Herpetography, of the Nature of Reptiles. Th 
i 7. Zoophytography, of the Nature of SHell— 
=. Animals. | 
8 to 
8 A. Pray what do you particularly include the 
1 under the firſt Diviſion, which you call An- eaſ 
= thropography ? ed 
J B. A brief phyſiological Deſcription of all the Po 
= component Parts of the human Body ; ; which tur 
= Parts are of two different Kinds, viz. Solids thi 
5 | and Fluids. | | the 
=_ A. Which are the /i Parts of the human H: 
_ Body ? | | 
=_ B. Thoſe which follow : 1. Bones. 2. Car- Bo 
tilages. z. Ligaments, 4. Muſcles. 5. Tens 
dons. 6. Membranes. 7. Nerves. 8. Arteries. M 
9. Veins. 10. Ducts, or fine tubular Veſſels of are 
various Sorts, Of theſe fimple Solids the more rot 
compounded Organs of Life conſiſt. Con 
A. Pray, which are thoſe compound Organs ea 
of Life? thi 


B. The Brain, and Cerebellum; the Lungs ; 
the Heart; the Stomach; the Liver ; the Spleen ; 


the Pancreas; the Kidneys; the Glands; the ing 
Intęſtines; together with the Organs of Senſe, 19 
Viz. the Eyes; the Ears; the Noſe; the Ind 
Tongue, 1 


= A. Which thi 


Of the Bones. 30 5 


A. Which are the fuid Parts of the human 
Body? 

B. They are theſe: 1. The Chy/e. 2. Blood. 
3. Salva, or Spittle. 4. Bile. 5. Milk. 6. Lym- 
Pha. 7. The Semen, 8. The pancreatic Juice. 
9. Urine. 10. Phlegm. 11. Serum, And, 12, 
The aqueous Humour of the Eyes. 

A. Pray what is a Bone, and how generated ? 

B. A Bone 1s a Bundle of hard Fibres, tied 
to one another by ſmall tranſverſe Fibres, In 
the Fætus thoſe Fibres are porous, ſoft, and 
eaſily diſcerned; it is probable they are nouriſh- 
ed by the ſerous Part of the Blood. As their 
Pores fill up with a Subſtance of their own Na- 
ture, ſo they increaſe, harden, and grow cloſe ; 
thus when the Pores are full of this Subſtance, 
the Bones are grown to their utmoſt Extent, 
Hardneſs, and Solidity. 

A. Are there not divers Sorts of Bones in the 
Body ? 

B. Yes; ſome are hollow, and filled with 
Marrow ; others are //id clear through; ſome 
are very. /mall, others very /arge; ſome are 
round, and others flat; ſome are plane, others 
convex, or concave; Where they are joined to 
each other, they make the various Joints 
throughout our Bodies, 

A. Pray what is the U/e of the Bones? 

B.They are in us, as the Timber in the Build- 
ing; the Uſe of which is to give Strength, Firm- 
neſs, Solidity, Form and Beauty to the Whole. 

A. Pray can you tell the Number of Bones 
in a human Body ? 

B. Dr. Keill has reckoned 245 ; others make 
them to be 249, vix. In the Skull 14; in the 
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Face and Throat 46; in the Trunk 67 ; in the 
Arms and Hands 62; in the Legs and Feet 60. 

A. What do Bones yield by a chymical 
Analyſis? | 

B. They produce much volatile Salt and 
Spirit, which are very ſubtle and penetrating ; 
ſome Sulphur, very ſtinking ; a little Phlegm, 
and much Earth. | 

A. What is that Part you call a Cartilage, I 
pray you ? 

B. A Cartilage, or Griſtle, is a ſmooth and 
ſolid Body, ſofter than a Bone; in it are no 
Cavities or Cells containing Marrow, nor is it 
covered with any Membrane to make it ſenſible, 
as are the Bones. The Cartilages have a na- 
tural Reſort or Elaſticity, whereby they retrieve 
their natural Figure or Situation. They are 
chiefly in thoſe Places where a ſoft and eaſy Mo- 
tion 1s required, as in the Ears, Noſe, Wind- 
pipe, &c. They cover alſo the Ends of all the 
Bones that are joined together for Motion. 

A. Pray what are their U/es ? 

B. They are appointed for the ſpecial Struc- 
ture of ſome Parts, as the Ears, Noſe, &c. and 
for the eaſy Motion of the Bones in the Joints. 

A. What do you call a Ligament ? 

B. A Ligament hath its Name from Ligo, 
to bind, and is a white folid Body, ſofter than 
a Cartilage, yet harder than a Membrane; 
they have no Cavities containing Marrow, nor 
any Senſe : Their chief Uſe is to bind and faſten 
the Bones (in their Articulation) together, leſt 
they ſhould be diſplaced by any violent Motion. 
A, Pray what is a Muſcle ? 

B. A 
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Cartilages, Ligaments, and Muſcles. zoy 
B. A Muſcle is a Bundle of fleſhy, and often 
tendinous Fibres: of which all in the ſame 
Plane are parallel to one another, and are all in- 
cloſed by one proper Membrane. The fleſhy 
Fibres compoſe the Body (called the Belly) of 
the Muſcle; and the tendinous Fibres, the Ex- 
tremities: Thus, in Fig. XLII, on Plate XXV, 
fronting p. 307, AB is the Belly of the Muſcle, 
C is its Head, and D its Tail, both tendinous. 

A. How many Sorts of Muſcles are there? 

B. Several: Some being long and round, as 
Fig. XLII; ſome plane and circular, as Fig. 
XLIII; ſome broad, whoſe Fibres lie ſpiral-wiſe, 
as Fig. XLIV; ſome broad, whoſe Fibres run 
ſtraight, as Fig. XLV : ſome whoſe Fibres lie 
divaricated, or converge from their Beginning 
to a narrow Tendon, as Fig. XLVI; ſome are 
double which conſiſt of a Tendon running 
through its Body from Head to Tail, and a Row 
of Fibreson each Side, as Fig. XLVII; ſome are 
yet more double, having two or more tendinous 
Branches running through them, with various 
Rows and Orders of Fibres, as Fig. XLVIII; 
ſome have only a ſmall long Body, which di- 
vides into ſeveral ſmall Tendons at the End, as 
Fig. XLIX ; others alſo have two Bodies pro- 
ceeding from one Head ; and there are others 
yet of a different Sort from any here deſcribed. 
Note, all the Figures above referred to are on 
Plate XXV, fronting this þ. 307. | 

A. What is the C/ of Muſcles ? 

B. 1. They conſtitute the Heſhy Part of our 
Bodies, and give it that beautiful Form we ob- 
ſerve over all its Surface. 2. But they principal- 
ly ſerve for animal Motion; for by their Means 

4 ail 
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all the Parts of the animal Body are moved, 

A. How is that Motion performed ? 

B. Thus; each Muſcle, and every Fibre in 
a Muſcle, hath Nerves, Arteries, and Veins, at- 
tending it; now by the Rarefaction of the 
Blood and Spirits in thoſe Veſſels, their Cavi- 
ties are diſtended; the Muſcle muſt then ſwell 
of Courſe, and ſwelling, will contract and be- 
come ſhorter: Therefore the Bone, or Part, in- 
to which the Muſcle is inſerted, will, by this 
Contraction of it, be drawn or pulled mex 
that Part where the Muſcle ariſes; and this is 
the general Theory of all animal Motion. 

A. Pray what Number of Muſcles may there 
be in a human Body ? 

B. Dr. Keillenumerates 446 ſingle Muſcles in 
the whole Body ; but others (leſs knowing) 
have reckoned different Numbers. 

A.Pray what do you underſtand by a Tendon? 
B. A Tendon is a Part conſiſting of nervous 
Fibres, void of any parenchymous or fleſhy Sub- 
ſtance, inveſted in a Membrane common to all 
the Muſcles; and form what we call the Head 
C, and Tail D, of all Muſcles; or thoſe Parts 
by which they ariſe from, or are inſerted into 
the Bones of the ſeveral Limbs of the Body : 
The Number of Fibres in every Tendon 1s 
equal to that of the F ibres of the Muſcle, and 
are the. ſame Fibres with them; they are thoſe 
white, hard, compacted Bodies, which we 
vulgarly call Sznews. 

A. What art is that you call a Membrane ? 

B. A Membrane is a Web of ſeveral Sorts of 
Fibres, interwoven for the covering and wrap- 
ping up of ſome Parts; hence they are elaſtic, 
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and of an exquiſite Senſe; here the innumer- 
able Diviſions, Windings, ſerpentine Progreſ- 
ſions, and frequent Inoſculations of Veins with 
Veins, and Arteries with Arteries, make a moſt 
agreeable Embroidery, and delicate Net-work, 
covering the whole Membrane. 

A. Pray, Sir, what is the Uſe of Membranes ? 

B. To cover and wrap up the Parts; to 
ſtrengthen them; to ſave them from external 
Injuries; to preſerve the natural Heat ; to join 
one Part to another; to cauſe an exquiſite 
Senſe ; to ſeparate an Humour (by its Glands) 
for moiſtening the Parts, &c. 

A. Are there notdivers Kindsof Membranes? 

B. Ves; as the Scarf-$S47n, covering the whole 
Body; the Sin of the Body itſelf; the Meninges 
of the Brain; the Pleura in the Breaſt; the 
Pericardium involving the Heart; the Perioſ- 
rium inveſting the Bones: The Tunicles or 
Coats of the Veſſels, as the Stomach, Bladder, 
Veins, Arteries, Inteſtines, Teſticles, Sc. are 
all Membranes of different Kinds. 

A. Pray what do you call a Nerve? 

B. A Nerve is a long and ſmall Bundle of 
very fine Pipes, or hollow Fibres, wrapped up 
in the Membranes of the Brain, from whence 
they have their Beginning. 

A. What do you find to be the U/e of the 
Nerves ? 

B. It is very probably ſuppoſed, they are the 
immediate Organs of all Senſation; for to every 
external Organ of Senſe, as the Eye, the Ear, 
the Noſe, the Tongue, are detached one or more 
Pair of thoſe Nerves from the Brain; alfo thoſe 
Nerves which proceed from the ſpinal ase 
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row, are ſpread through all Parts of the Muſ- 
cles and their Membranes, and to every Point 
in the Superficies of the Body ; and thereby 
make the whole ſenfible. 

A. Pray by what Means do the Nerves ren- 
der the Parts ſenſible ? | 

B. It is imagined they do it by the Motion 
of an exceeding fine and inviſible Fluid they 
contain, called the animal Spirits; by which 
Impreſſions are communicated to the Mind 
(whoſe Seat is in the Brain) from all Parts of 
the animal Body. 

A. How many, or what Quantity of Nerves, 
may there be in the Body ? 

B. There be ten Pair, which proceed from 
the medullary Subſtance of the Brain, which are 
chiefly diſtributed to all the Parts of the Head 
and Neck; from the ſpinal Marrow there pro- 
ceeds, through the Vertebræ, th:rty Pair to all 


the other Parts of the Body; and thus, in all, 


there are forty Pair; for they come forth ori- 
ginally by Pairs. 

A. Pray what do you call Arteries? 

B. Arteries are thoſe Pipes, Tubes, or Chan- 
nels, which convey the Blood from the Heart 


to all Parts of the Body. 


A. What is their Compo/ition or Texture? 

B. They conſiſt, or are compoſed of three 
Coats, viz. The rt ſeems to be a Web of fine 
Blood-Veſſels and Nerves, for nouriſhing the 
Coats of the Artery. The /ccond is made up of 
ciicular, or rather ſpiral Fibres ; of which there 
are more or fewer Lays, according to the Big- 
re 8 of th? Artery. The third and inmoſt Coat 
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is a fine, denſe, tranſparent Membrane, which 
keeps the Blood within its Channels. The Ar- 
teries branch out into various Ramifications, 
and become inviſibly ſmall at laſt. 

A. Pray whence is that Pulſation we find in 
ſeveral Parts of our Bodies? 

B. This is a Motion of the Arteries only; 
the Blood being thrown out from the left Ven- 
tricle of the Heart into the great Artery, ſome 
and ſome at a Time, preſſeth the Sides of the 
Artery, and cauſes an intermitting Dilatation 
thereof; which is continued by the conſtant 
pulſive Motion of the Blood, and the Spring or 
Elaſticity of the Artery acting on it; hence 
therefore enſues a conſtant alternate Dilatation 
and Contraction of the Coats of an Artery, 
and is what we properly call the Puſſe. 

A. Pray what is the Difference between Ar- 
teries and Veins? 

B. Veins are only a Continuation of the ca- 
pillary Arteries at their Extremities, and convey 
the refluent Blood back again to the Heart; in 
their Return they unite their Channels as they 
approach the Heart, and form at laſt the three 
large Trunks, viz. the Vena Cava Aſcendens, 
Deſcendens, and the Vena Porta, as they are 
called. | 

A. How happens it that veins have no 
Pulſe ? | 

B. Becauſe the Blood is poured into them at 
the Anaſtomo/is in one continued even Stream; 
and becauſe it moves from a narrower Channel 
to a wider: the Preſſure of the Blood againſt 
the Sides of the Veins being leſsthan that againſt 
the Sides of the Arteries. 

U 4 A. Pray 
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A. Pray what do you call thoſe Du#s, or 


tubular Veſſels, you mentioned under the lait 
Head of ſolid Parts? 
B. Thoſe ſmall, fine, hollow Pipes or Tubes 


diſperſed through all Parts of the Body ; which 


convey, ſome a Lymph, called Lymphadutts ; 
others a milky Liquor, called lacteal Vems ; and 
others convey other Juices and Humours of the 
Body to their proper Places. 

A. Having thus heard you on the Nature 
and Uſe of the more ſimple Solids, I ſhall be 
obliged to you for a ſmall Account of the more 
compound ſolid Parts, which you call the great 
Organ of Life: And, pray, what 1s the Nature 
of the Brain? 

B. The whole Subſtance of the Brain is di- 
vided into two Parts; that which lies in the 
Fore-part of the Skull, called the Cerebrum ; 
and that lying in the Back-part, called the Ce- 
rebellum. In the Cerebrum, or Fore-part of 
the Brain, there are obſerved two Kinds of 
Subſtances, the external and internal; the exter- 
nal Subſtance is ſoft, glandulous, and of the 
Colour of Aſhes; this Part receives the capil- 
lary to the Brain, and ſendeth from its little 
oval Glands an infinite Number of Fibres, which 
all together make up the medullary Subſtance 
of the internal Part of the Brain and Cerebe] - 
lum, which going out of the Skull, form the 
Nerves and ſpinal Marrow. 

A. What is the Ufe of the Brain ? 

B. The Ule of the Brain is to ſeparate, from 
the Blood brought thither, the fineit and ſubtleſt 


Parts thereof, called animal Spirits, by the 
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Glands in the external Part, which are received 
from thoſe Glands by the Fibres of the medul- 
lary Subſtance, and are from thence conveyed 
by the Nerves, (which theſe Fibres compoſe) to 
all Parts of the Body; giving the Faculty of 
Senſation to the whole. 

A. Pray what is the Nature of the Lungs? 

B. TheSubſtance of the Lungs is compoſed 
of an infinite Number of little Lobes or Spheres, 
of various Figures and Magnitudes, whoſe Sur- 
faces are ſo adapted as to leave but few and 
{mall Interſtices; theſe ſmall Lobes are diſpoſed 
like ſo many Branches of Grapes on the Sides 
of the Branches of the Wind-pipe : Each little 
Lobe contains, within its own proper Membrane, 
an infinite Number of ſmall and round Blad- 
ders, which leave ſmall Interſtices between, full 
of ſmall Membranes, like thoſe which bind the 
Lobes together: The Extremities of the Bran- 
ches of the Wind- pipe open into the Cavities of 
theſe ſmall Bladders, which are probably formed 
by its Membranes; but the fine Blood-Veſſels 
are only ſpread upon the Bladders like a Net, 
with frequent and large Inoſculations. 

A. What is the U/e of the Lungs ? 

B. This is the great Organ Breathing or Re- 
ſpiration ; as the Air by its Weight forceth into 
every Cavity, ſo as ſoon as the Fœtus is born, it 
ruſhes into the Cavity of the Lungs, and fills the 
little Veſicles, and by extending them, compreſſes 
the ſmall Blood-Globules in the Veſſels ſpread 
upon them; this Compreſſion is much greateſt 
when the Air is expelled out of the Lungs by 
the Contraction of the Breaſt ; and by this Com- 

preſſion, 
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preſſion, the red Globules of Blood, which, 


through their languid Motion in theVeins, were 

rown too big to circulate, are again broken and 
divided into the Serum, and ſo the Blood is anew 
made fit for Nutrition and Secretion. Dr. Keill 
alſo thinks that the Air doth hereby enter and 
mix with the Blood. Dr. Cheyne faith, the elaſ- 
tic Globules of the Blood are hereby formed. 
And others hold other Opinions of the Uſe of 
Reſpiration. But I think it ſtrange that Etmul- 
ler, amongſt his fourteen Uſes thereof, has not 
mentioned the vital Spirit of the Air, which 
probably is thereby intermixed with the Blood, 
and diffuſed through all the Body, and is therein 
the Principal of animal Life ; ſince it is well 
known Animals cannot live in Air deprived of 


this Spirit. Neither has Mr. Derham hinted 


any Thing concerning it. 

A. Pray what is the Nature and Compoſition 
of the Heart ? 

B. The Heart, (faith Boerhaave) and its 
Auricles, are real Muſcles, and act with a muſ- 
cular Power; for all the Fibres gradually grow- 
ing ſhortzr, diminiſh the Length of the Heart, 
and increaſe its Breadth ; they accurately 
ſtreighten the Cavities of the Ventricles; dilate 
the tendinous Mouths of the Arteries ; determine 
the Valves of the Mouths of the Veins for the 
Stoppage of their Contents; and drive, with 
great Force, its contained Blood into the di- 
lated Mouths of Arteries, in order to its Circu- 
lation through the Body. 

A. Pray what is the principal Service of the 
Heart to the human Body ? 


B. This 
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B. This wonderful Muſcle has two Motions, 
which they call Hole, and Diaſtole; the Syſtole 
is when the Fibres contract and ſtreighten the 
Cavities ; the Diaſtole is when this Muſcle ceaſ- 
eth to act; its Fibres return to their natural Site 
and Tone, and its Cavities become large and 
wide. Now the Vena Cava returning to the 


Heart, the exhauſted ſuperfluous Blood, with 


the Chyle newly mixed herewith, pours it 
through the right Auricle, whence it is detruded 
into the right Ventricle or Cavity of the Heart ; 
by its Sy/o/e, it is thence driven into the pulmo- 
nary Artery, which conveys it to, and diſtri- 
butes it through, all the Parts of the Lungs; the 
Blood being here, by Reſpiration, prepared, re- 
duced, mixed and impregnated with the vital 
Spirit, and nutritious Principle of the Air, is re- 
manded back again by the pulmonary Vein to 
the /eff Auricle; thence into the t Ventricle 
of the Heart, which is then in its Diaſtole; 
laſtly, in the Syſtole of this Ventricle, the Blood 
now refeted is thruſt into the great Artery, 
called the Aorta, which carries it again through 
all the Body: Thus the Heart is the inſtrumen- 
tal Cauſe of the Blood's Circulation. 

A. In the next Place, pleaſe togive me ſome 
Account of the Nature of the Stomach. 

B. The Stomach 18 compoſed of four Mem- 
branes : The h and inmaſt is a large muſcular 
Coat, lying in Plaits, and containing a great 
Number of Glands, thence called the Tunica 
Glanduloſa. The ſecond Coat is much finer and 
thinner; is altogether nervous, and therefore of 
exquiſite Senſe. The third Tunicle is made of 
ſtraight 
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ſiraight and circular Fibres; ſo that by this 
muſcular Coat the Ends of the Stomach are 
drawn towards its Middle, and the Whole is 
equally contracted. The fourth is the common 
external Cover of the whole Stomach ; it pro- 
ceeds from the Peritoneum. 

A. To what U/e doth the Stomach ſerve ? 

B. The Uſe of the Stomach is Dzge/tion ; 
which is the Diſſolution or Separation of the 
Aliments or Food into ſuch minute Parts as are 
fit to enter our /atteal Veſſels, and circulate with 
the Maſs of Blood: This is principally effected 


by the Salivua, or Spittle of the Mouth; the fer- 


menting Juice in the Stomach, ſeparated by its 
aforeſaid Glands; by the Liquors we drink; 
and, /aſtly, by the continual Motion of the muſ- 
cular Coats of the Stomach, whoſe abſolute 
Power is, by Pitcairne, demonſtrated to be equal 
to 117088. Pounds Weight; to which, if the 
abſolute Force of the Diaphragm and Muſcles 
of the Abdomen be added, the Sum willamount 
to 250734 Pounds Weight; which is above 
2238 Hundred Weight, or near 112 Tons: 
No wonder then the very hardeſt Diet, or Bones 
themſelves, ſhould fo ſoon be reduced to a li- 
quid Subſtance, we call the Chy/e, by ſuch pro- 
digious conſpiring Forces! 

A. What is the Compoſition of the Liver ? 

B. The common Membrane being raiſed, the 
Subſtance of the Liver ſeems to be compoſed 
/ ſmall Glands of a conic Figure, and bound to- 


= gether bya proper Membrane into ſeveral Heaps 


or Loves, which, like Bunches of Grapes, hang 
to the Branches of the Veſſels, /viz, the Vena 
Porte, 


tt £3 
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Porte, and the Vena Cava) from which each 
ſmall Gland receives a Twig, and the Lobes are 
tied to one another by fine Membranes, which 
fill up the Spaces between them; and thus the 
parenchymous Subſtance of the Liver is formed. 

A. What is its Uſe? 

B. The Yena Porte brings the Blood to the 
Liver full of Bile, for its Secretion by the 
Glands of the Liver; and the Vena Cava carries 
back the Blood, which remains, to the Heart. 
The Bile thus ſtrained from the Blood is, by 
{mall Veſſels, brought to the Gall-b/adder, one 
Part; and the other Part is ſeparated immediate- 
ly into the Duct, called the Portus Biliarius; 
this Duct going out of the Liver, joins the Neck 
of the Gall-bladderat ſome Diſtance, and forms 
one common Duct, called the CHoledochus, 
through which hoth Sorts of Bile mix and pals 
to the Lower-end of the duodenum Gut, where- 
into it flows, in order to mix with the Chyle : 
Thus the U/e of the Liver is to /eparate the Bile 
from the Blood. | | 

A. Pray what is the Nature and Make of the 
Spleen. 

B. The Subſtance of the Spleen (contained 
within two Membranes) is compoſed of an In- 
finity of Membranes, which form little Cells 
and Cavities of different Size and Figure, which 
communicate with one another, and are always 
full of Blood. 

A. What is the Uſe thereof? 

B. The ancients knew nothing of its Uſe; nor 
can the Moderns do more than conjecture at it. 


You may ſee Dr. Keill's ingenious Hypotheſis of 


its 


, 
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its being Nature's Storehouſe, in which ſhe de- 
poſits the arterial Blood for the Uſe of the Li- 
ver, in his Anatomy; and the learned Diſqui- 
ſitions of the great Boerhaave on this Subject, 
in his Inſtitutions, Page 139. 

A. What is that you call the Pancreas? 

B. It is the ſame as is vulgarly called the 
Sweet-bread; it is called Pancreas from way ; 
all, and »pias Fleſh ; as much as to ſay, a Part 
all Fleſh : It is compoſed of an infinite Number 
of little Glands, itſelf being only a large Gland 
of the conglomerate Kind; whence its Sub- 
ſtance, as we find, is always ſoft and ſupple. 

A. Pray what is its U/e ? 

B. To ſcreen from the Blood, brought thither, 
a Liquor called the pancreatic Juice, which is 
conveyed by a proper Duct to the duodenum 
Gut, there to dilute the Chyle. 

A. What is the Subſtance of the K:dneys ? 

B. The Kidneys are likewiſe two large 
Glands, whoſe parenchymous Subſtance is com- 
poſed of an Infinity of very ſmall Glands, every 
where interwoven in the Net-like Inoſculations 
of the fine capillary Branches of their Arteries 
and Veins : From each ſmall Gland proceeds a 
long ſmall Tube; theſe Tubes approaching to- 
wards the Cavity of the Reins gather together 
in little Bundles, and form the inner Subſtance 
of each Kidney. 


A. Is not their Uſe to ſeparate the Urine 


from the Blood? 


B. Ves; the Blood being conveyed to them 
by the emulgent Arteries, hath its ſerous briny 
Part ſtrainedoff by their little Glands, and then 


4 1s 
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is returned again by the emulgent Veins; the 
Urine, thus ſeparated, runs down by the Ureters 
into the Bladder. - 

A. Pray what is the Nature and Texture of 
the Glands ? 

B. The Moderns have reduced all the Glands 
of the Body to twoSorts, vi. Conglobate Glands, 
and Conglomerate Glands. A Conglobate Gland is 
a little ſmooth Body wrapped up in a fine Skin, 
by which it is ſeparated from all other Parts, 
only admitting an Artery to paſs in, and a Vein 
and excretory Canal to come out: Of this Na- 
ture and Sort are the Glands of the Brain, of 
the Lips, and of the Teſticles. A Conglomerate 
Gland is compoſed of many little Conglobate 
Glands, all tied together, and wrapped up in 
one common Tunicle or Membrane, whoſe 
various excretory Ducts uniting, form one' or 
more larger Pipes, or evacuating Veſſels: Of 
this Sort are the Breaſts, the Sweet-bread, the 
Kidneys, &c. 

A. Their Uſe I underſtand is Secretion of 
Humours from the Blood? 

B. It is ſo: Thus, the Glands of the Brain 
ſecern the Animal Spirits; thoſe of the Mouth, 
the Saliva or Spittle; thoſe of the Breaſts, Mz ; 
thoſe of the Reins, Urine; thoſe of the Liver, 
Bile; thoſe of the Teſficles, the generative Semen; 
and thoſe of the Skin, the inſenſible Matter of 
Perſpiration, or Sweat. The Number of theſe 
ſmall cuticular Glands is ſomewhat wonderful; 
it is ſuppoſed, that one Grain of Sand will cover 
no leſs than 125000 of them; if then we reckon 
only 2000 of theſe Grains to an Inch __— 

an 
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and allow, at a Medium, the Surface of a Man's 
Body to be equal to 14 ſquare Feet; then there 
will be of thoſe ſmall Glands in the Skin, the 
Number of 324000000000.; each of which 
contains a Pore, or inviſible Sp:racle, through 
which we conſtantly perſpire *. 

A. Pray what Quantity of Matter goes off 
by this iuſenſible Perſpiration ? 

B. Sanctorius tell us, in his Aphoriſins, that 
by weighing himſelf he has found, 1. That a 
Man ſleeping perſpires twice as much as when 


awake. 2. That a ſound Man in one Night of 


ſeven Hours Sleep, generally perſpires fifty 
Ounces, or three Pounds Avoirdupoiſe, or four 


Pounds Troy Weight. 3 That ſcarce half a 


Pound of this perſpires in the firſt ive Hours. 
And we cannot wonder hereat, ſince it appears 
there are above three hundred thouſand Millions 
of Pores in the Body of a middle-ſfized Man; 
through which there muſt of Neceſſity go off 
a much greater Quantity than either by $700/ or 
Urine, or both together. 

A. Well, I am wonderfully pleaſed to know 
this ſurprizing Part of Philoſophy, and do intend 
for the Sake hereof to buy Sanctorius's Book: 
But, to go on, pray what is the Nature and 
Ve of the Inteſtines * 


* This is upon Truſt from Mr, Leavenboeꝶ, who certainly was 
very happy at theſe Kinds of Invention, for his Eyes, though 
old, and Microſcopes, though ſingle ones, could in many Caſes 
diſcover, what I never could with young Eyes, and the beſt dou- 
ble Microſcopes. I have tried in Variety of Subjects to find theſe 
Pores in the Cuticle, but in vain. And indeed I very much 


queſtion whether ever he did actually ſee any ſuch Thing. 
B. The 
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B. The Inteſtines are a long and large Pipe, 


which, by ſeveral Circumlocutions and Turn- 
ings, reaches from the Pylorus of the Stomach 
to the Anus: They are knit all along to the 
Edge of a Membrane, called the Meſentery, and 
are ſix Times as long as the Body to which they 
pertain : Their Uſe is, by a peculiar vermicular 
Motion of their ſpiral-hbred Coats, to convey 
along, and extrude out of the Body, the Faces, 
or the recrementitious Part of the Food, after 
the Chyle is ſtrained from it. 

A. Pray how many different Organs of Senſa- 
tion are there ? | 

B. Four particular ones, viz. the Eye, for 
ſeeing ; the Ear, for hearing; the Noſe, for 
ſmelling; and the Tongue, for taſting : And 
there is one general Senſe, v/z. of feeling, 
common to all the Parts of the Body. 

A. What is the Structure and Uſe of the Eye? 

B. The Eye is a curious and moſt wonder- 
ful Piece of Nature's Work, admirably con- 
trived with various Coats, Muſcles, Veſſels, and 
Humours of three ſeveral Kinds, for the Purpoſe 
of Viſion: The firſt Humour of the Eye is 
called the agueous Humour, being in all Reſpects 
like Water, but of a ſpirituous Nature; for it 
will not freeze in the greateſt Cold. The ſe- 
cond is called the cryſtalline Humour, Being 
tranſparent, and more ſolid than either of the 
other; its Figure reſembles an optic Lens, con- 
vex on both Sides, and its Uſe in the Eye is 
the ſame. Behind this lies the vi#reous or glaſſy 
Humour; it is very much like the Mhite of an 
Egg; is in greater Abundance than either of 


the other; it gives the Eye its ſpherical Form : 
an 
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and is thicker than the aqueous, but thinner 
than the cryſtalline Humour. Next this Hu- 
mour, on the Bottom of the Eye, is ſpread a 
fine curious Membrane, called the Retina, 
through which are expanded the medullary 
Fibres of the optic Nerve, which come from 
the Brain. Now the Rays of Light, which 
come from all Parts of any Object, falling upon 
the aqueous Humour of the Eye, are through it 
refracted to the cry//alline Humour, by which 
as a double convex Lens (kept always at a pro- 


per Diſtance by the g/a//y Humour they are all 


converged and united on the Retina; the Im- 


preſſion thereof being communicated to the 
common Senſory of the Brain by the optic Nerves, 
doth there preſent to the Mind the Speczes and 
Image of the Object; and thus 7s Viſion per- 
formed by Means of ihe Eye. 

A. Pray how is the Senſe of Hearing per- 
formed by the Ear? 


B. I have already told you, that Sounds are 


brought to the Ear from the ſonorous Body by 
Means of the Air; and the external Part of the 
Ear is ſo contrived by its Ridges and Hollow, 
that Sounds, being gathered into the Ear as 
into a Tunnel, are thereby directed to the 
Meatus Auditorius, through which they paſs 
and ſtrike upon a thin tranſparent Membrane 
of an oval Figure, ſet a little obliquely acroſs 
the Paſſage of the Ear; behind this Membrane 
there is a pretty large Cavity, which, with the 
{aid Membrane, from its Retemblance, is called 
the Tympanum, or Drum of the For: In this 
Cavity are four ſmall Bones, which from their 
Form are called Malleolus, or the Hammer; 


the 
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the Incus, or the Anvil; the Stapes, or Stir- 
rup ; and the Os Orbiculare, or tirenlar Bone. 
Within the Tympanum there are ſeveral other 
Cavities, as the Veſtibulum, the Labyrinth, and 
the Cochlea; theſe internal Cavities are always 
full of Air; wherefore the Sounds in the ex- 
ternal Air ſtriking on the Drum, move the four 
little Bones in the Tympanum, and theſe in like 
Manner move the internal Air, which maketh 
an Impreſſion on the fine Branches of the au- 
ditory Nerve ſpread through the Veſtibulum, the 
winding Tubes of the Labyrinth, and Cochlea; 
and thus all Refractions and Modulations of 
the external Air become perceptible, and con- 
ſequently all the different Sounds they convey 
become audible, and intelligible to the Mind, 
by the Communication of theſe Nerves with 
the Brain, or common Senſory. 

A. Pray how is the Senſe of Smelling ef- 
fected in the Noe? 

B. The Cavity of the Noe is divided into 
two Parts, we call the No7:/s, by a Partition, 
of which the upper Part is bony, and the lower 
cartilaginous : The upper Part of the Cavity is 
covered with a thick glandulous Membrane, 
above which the offafFory Nerve is finely 
branched out and ſpread over the Membrane 
of the ſpongy Bones of the Noſe, and the other 
ſinous Cavities of the Neſtrils: Whence the 
Exhalations of Odours entering the Ne/7r:!s 
make their Impreſſions on the Fibres oi the 
Nerves, which, by their Communication with 
the Brain, excite in the Mind the Smell or Sexe 
ſation of Odours of every Kind. 

X 2 A. And 
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A. And thus, I ſuppoſe, you account for the 


* Senſe of Taſte in the Tongue? 


B. The Tongue is covered with two Mem- 
branes ; the external is thick and rugged, eſpe- 
cially in Beaſts; the internal Membrane is thin 
and ſoft ; upon it appear ſevefsl Papillæ or 
ſmall Riſings, like the Tops of the ſmall Horns 
of Snails; theſe Papi//z are made of the Ex- 
tremities of the Nerves of the Tongue, and 
piercing the external Membrane, are conſtant- 
ly affected by thoſe Qualities in Bodies, which 
have their Taſtes excited in the Mind by Means 
of theſe nervous Papille ; and thus are theſe 
Papille the immediate Organ of Taſting. 

A. Pray how is the general Denſe of Feeling 

erformed ? 

B. Of this-a general Account muſt ſerve : I 
have already told you, that from the Brain and 
ſpinal Marrow there iſſue out divers Pairs of 
Nerves, which are ramified and diſperſed through 
all Parts of the Body; and conſequently no 
Impreſſion on any Point, either on the Super- 
ficies, or internal Compages of the Body, can 
be any way made, but it muſt immediatel 
affect either the Extremity, or ſome Part of a 
Nerve, and is therefore immediately commu- 
nicated to the Brain by the animal Spirits ; and 
thus the Mind becomes conſcious of ever 
Motion, Affection, or Accident of the Body; 
and this we call the Senſation Feeling. 

A. Having thus obliged me with an Ac— 
count of the ſolid Parts, and of the Organs and 


Manner of Senſation, I beg you would now 


proceed to deſcribe the Fluids of the human 
Body ; 
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Body; and firſt, pray, what do you call the 
Chyle? 

B. The Che is a milk-like liquid Subſtance, 
into which the Food is converted by the Con- 
coction and Digeſtion of the Stomach, as before 
I told you; the Chyle paſſing by the Pylorus out 
of the Stomach into the firit of the Inteſtines, 
called the Duodenum, in it and in the next, 
called the Fejunum, it mixeth with the Bile 


and pancreatic Juice; by which Means the. 


Chyle undergoes a further Preparation ; the 
more alimentary Part being hereby refined and 
ſeparated, is received into the numerous Orifices 
of the firſt /a&eal Veins, opening into the ſaid 
Inteſtines; by theſe it is conveyed to, and 
ſtrained through, the Glands of the Meſentery ; 
whence it is received by a ſecond Sort of lacteal 
Veins, and carried to the Baſon, called the Re- 
ceptaculum Chyli; where being duly impregnated 
with the Lymph from the Lymphedutts there 
oured into it, it is thence carried upward by the 
thoracic Duct, and emptied into the left h- 
clavian Vein, where it is mixed with the refluent 
venal Blood, deſcends into the right Ventricle 
of the Heart, is thence circulated through the 
Lungs into the left Ventricle, and from thence 
through all the Parts of the Body: And this 1s 
the animal Oeconomy, or ordinary Method by 
which the Blood is removed, and Life continued. 
A. Pray what is the Blood? 

B. The Blood is a vital Stream proceeding from 
the Fountain of the Heart, and circulating con- 
ſtantly through the whole Body by the Canals 


of the Arteries and Veins, If it be viewed 
X 3 with 
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with a Microſcope, it appears to conſiſt of ſmall 
red Globules ſwimming in a thin tranſparent 
Serum, and that each Globule is made up of 
fix leſter ones, which, reſolved, take upon 
them the Nature of the Serum, whole Colours 
are various. Dr. Boerhaave lays, that the Mix- 
ture, Fluidity, Heat, and Reaneſs of the Blood, 
are owing to, and preſerved by, the circulatory 
Motion thereof. 

A. Pray what is the Rate of the Blood's 
Motion through the Body ? 

B. Each Ventricle of the Heart will contain 
about an Ounce of Blood; the Heart contracts 
about 4000 Times in an Hour ; hence there 
paſſeth through the Heart every Hour 4000 
Ounces of Blood, which is 25olb. Weight. 
Now an Ounce of Blood is equal in Bulk to 
1 bee Inch; and if we ſuppoſe the Heart con- 
tracts 80 Times in a Minute, then 80 Ounces 


of Blood will be equal to 132 Inches, which 


I © 


paſſeth the Heart in one Minute. Now Dr. 
Keil] found the Diameter of the Aorta to be 
0.73 Parts of an Inch, and thence its Orifice 
o. 4187; by which divide 132 2, and the Quo- 
tient will be the Length of the Cylinder, or 
Space through which the Blood will move in a 
Minute, viz. 316 Inches, or 26 Feet. But, be- 
cauſe of the Dzafiole of the Heart which takes 
up half the Time of a Pulſation, there goes 
out of the Heart 80 Ounces in half a Minute; 
whence the Blood's Velocity will be double, or 
it moves at the Rate of 52 Feet in a Minute. 
A. Is the Velocity through the Trunk the 
ſame as through all the Branches taken to- 
gether? B. No; 
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B. No; for the ſame ingenious Anatomiſt 
found the exact Proportion of the Branches to 
the Trunk of the Artery to be as 12387 to 
10000, and conſequently the greateſt Velocity 
of the Blood will be to the leaſt, as 5233 to 1; 
or the Blood moves 5233 Times ſlower in ſome 
capillary Arteries, than it does in the Aorta. 
The Blood is received from the Arteries into 
the Veins, where it ſtill moves flower as it ap- 
proaches the Heart. Now the Arteries are to 
the Veins, as 324 to 441; and therefore the 
Blood moves in the Veins above 7116 Times 
flower than in the Aorta. 

A. What Quantity of Blood do you find to 
be in the human Body? 


B. You aſk a Queſtion very difficult to be 


anſwered: At preſent I cannot find any Perſon 
can certainly tell; Authors determine from 10 
to 251b. and Dr. Keill reckons the whole Body 
conſiſts of near two-thirds Fluids, the greateſt 
Part of which 1s Blood. 

A. What do the Cyymiſis find the Blood to 
conſiſt of? 

B. Of much volatile Salt, and Spirits; ſome 
Phlegm and Sulphur ; a little Earth; and but 
little or no fixed Salts: Alkalies diſſolve in it, 
and Acids coagulate it, 

A. How are the other Fluids of the Body pro- 
duced ? | : 

B. They are all ſeparated from the Blood in 
ſome Part of the Body or other by the Glands. 
Thus the Saliva or Spittle is ſecerned by paro- 
dital Glands behind the Ears, and maxillary 
Glands of the Mouth; the Bile is ſeparated by 
X 4 the 
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the Liver; the Mz/4 is ſtrained off from the 
Blood by the Gland of the Breaſts ; the Lymph 
is a fermenting Liquid ſecerned by the ſmall 
conglobate Glands in ſeveral Parts; the Semen 
is ſecreted from the Blood by the Teſticles, 
brought thither through various Circumvolu- 
tions and Contortions of the /permatic Arte- 
ries ; the Pancreas, or Sweet-bread, alſo ſepa- 
rates a ſweet lymphid Liquor or Juice, to dilute 
and refine the Chy/e ; the Urine is ſecerned by 
the Reins ; it contains volatile Salt, Spirit, an 
ouly Sulphur, Phlegm, and Earth; from Urine 
fermented is diſtilled that luminous Matter 
called Phoſphorus, which is either ſolid or li- 
quid. Phlegm is a mucous Matter, ſeparated 
by the Glands of the Mouth, Noſe, &c. Serum 
is the aqueous Part of the Blood, which is not 
diſcerned from the Blood itſelf in the Body ; 
but taken out, it ſeparates from the coagulated 
Blood, by the Action of the Cold ; the aqueous 
Humour of the Eye, ſecerned from the arterial 
Blood in the Veſſels of the Eye; the cryſtalline 
and vitreous Humours are improperly ſo called, 
they conſiſting of an infinite Number of ſmall 
Veſſels filled with circulating Fluids. 

A. Sir, J am greatly obliged to you for tak- 
ing ſo much Pains for my Information, yet, as 
you ſeem to do it with a great deal of Pleaſure, 
I ſhall be bold to aſk a few Queſtions more; 
and, pray, what do you ſay of the Nature of 
Hair? | 

B. When weexamine the Hairs with a Mi- 
creſcope (faith Dr. Keill) we find they have each 
a round bulbous Root lying pretty deep in thę 
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8kin, and which draw their Nouriſhment from 
the ſurrounding Humours; that each Hair con- 
fiſts of five or fix others wrapped up in a com- 
mon Tegument or Tube: They grow as the 
Nails do, each Part near the Root, thruſting for- 
wards that which is immediately above it; and 
not by any Liquor running along the Hair, in 
Tubes, as Plants grow. Their different Colours 
depend on the different Quality and Tempera- 
ment of the Humours producing them ; they 
ſerve for the Covering and Ornament of the 
Body. Mr. Derham gives us the Repreſenta- 
tion of two Hairs of a Mouſe (the moſt tranſ- 
parent of any) the one in Fig. L. on Plate XV, 
fronting p. 307, where à is its Appearance 
through a ſmall Magnifier, and A as it appears 
through a large one. Fig. LI. on the ſame 
Plate, c and D are the ſame Views of another 
Hair, to ſhew the different internal Make of 
the Hair of the ſame Animal k. 

A. Pray what are the Nails? 

B. Our Nails are of the ſame Nature as the 
Hoofs of Beaſts ; and are nothing but the Covers 
or Sheaths of Papilla Pyramidales of the Skin on 
the Extremities of the Fingers and Toes, which 
dry, harden, and lie cloſe upon one another. 

A. You have been long telling what thoſe 
Parts are of which our Bodies conſiſt ; but, 


* Inever could find, by viewing of tranſparent Hairs, that 
they afforded any other Appearance than that of clear, long, 
round, or cylindrical Tubes; the Hollowneſs of the larger ones 
being very viſible,” but of the ſmaller ones not diſcernible ; and 
their Texture or Subſtance has always appeared to me to be ſim- 
ple or uncompounded, So that the Reader is to believe or re- 
jeck what Dr. Keill and Mr. Derham have aſſerted, as he may 


think reaſonable, 
8 5 Pray, 
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pray, how are our Bodies at firſt generated or 
formed in the Womb? This you have not yet 
told me. 

B. The Learned of late have found by their 
Microſcopes, that not only Man, but all Ani- 
mals, do really exiſt (in their proper Form 
compleat in all their Parts) in the Seed of the 
Male Animal, before Generation, in a ſmall in- 
viſible State, called Miniature. It is amazing 
to ſee the prodigious Number of little Creatures, 
like ſo many Tadpoles, ſwimming every Wayin 
the Male Sperm of all Animals. Thoſe Ani- 
mals are fo ſmall, that z000000000, i. e. three 
thouſand Millions of them, are not equal to a 
Grain of Sand, whoſe Diameter is but the 
100iith Part of an Inch. The Animalcule that 


has the good Luck to get ſafe into the Womb, 


through the Fallopian Tubes in a Kind of Egg, 
is there foſtered a while ſome how, till, at 
length, the Placenta appears like a little Cloud 
on one Side of the external Coat of the Egg; 
and at the ſame Time the Spine of the Embryo 
is grown ſo big as to be viſible, and a little after, 
the Brain and Cerebellum appear like two ſmall 
Bladders, and the Eyes next ſtand goggling out 
of the Head ; then the Beating of the Heart, or 
Punctum Saliens, is plainly to be ſeen, and the 
Extremities of the Body diſcover themſelves laſt 
of all; ſo far Dr. Keill: And this is the pre- 
ſent Theory of Generation; and very much alike 
in Plants and Animals n.,. A. Pray 


»The Affair of Impregnation and Generation, even after all the 
late Diſcoveries, remains ſo very perplexed, obſcure and doubtful, 
that nothing of Certainty can yet be determined about it. Some 
aſſerting the /irtle Animal to be originally in th: Female's Egg; 
others deny that, and affirm they have no Being there till the Egg 
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A. Pray what do you obſerve in particular 
of the Nature of Beaſts* ? B. The 


is fecundated by the Semen Maſculinum in Coitu. See the Contro- 
verſy in Mr. Bradley's Phil. Account of the Works of Nature, 
Chap. 9. Miſcellanea Curigſa, Vol. I. Page 142. by Mr. Garden. 
* 1. Mr. Ray, in his Synop/is of Animals, diſtinguiſhes Duadru- 
ede into two Kinds, wiz. (1.) The ungulated or hoofed Beaſts 
with four Feet; and (2) The anguiculated, digitated, or clawed 
our-footed animals, 

2. The Hoofed Juadrupeds are either (t.) Solidipeds, or Whole- 
hoofed ; as the Horſe, Aſs, Male, Cc. Of this Tribe none 
bears Horns. (2.) Biſulcated, or Cloven-footed :; Of theſe, ſome 
are Ruminant, or chew the Cud; as the Ox, the Sheep, the Goat, 
the Deer Kind. Of theſe the three former bear ho/lozy and per- 
petual Horns; the latter, cle and deciduous Horns. Again, ſome 
of the Clowen-footed do not cheau the Cud, as the Hog and Seine 
Kind, (3.) Quadrupeds which have their Hoof cloven into 
four Diviſions, and ſeem not to be Ruminant ; as the Rhincceres ; 
the Hippotamus, or River-Horje ; the Tapijerote, and Capy- Bara 
of Brafil, &c. 

3. Of the ſecond or unguiculate Kind of Quadrupeds, the Ele- 
phaut is ſomewhat - ſingular ; his Claws adhere to each other, 
and are all covered with one common Skin, having only their 
obtuſe Nails ſticking out round the Margin of the Foot. 


4. The Camel and Dremedary have only two Claws ; and, | 


though they have no Horns, they ruminate or chew the Cud, and 
have the four Stomachs of horned ruminant Animals. Of theſe 
ſome have one Bunch on the Back, and another Sort have two. 


5. The 4uhropemorpha, or thoſe Quadrupeds which have the 


Foot divided into many Claaus, with broad Nails on them, like 
the Fingers and Toes of Men, make the third Species of this 
unguiculate Kind: As Apes, which have no Tails, and Monkeys 
which have Tails, and they of a large Size, called Baboons. To 
this Tribe alſo belong the Ozrang-Oatang, or the Wild Man; the 
Cagui and Cay of Brafil; and the Cercepitheci, or Monkeys of 
ſeveral Countries. 

6. A fourth ſpecies of this Kind is when the Claws are many, 
and have crooked and ſharp-pointed Nails, like the Talons of 
Birds of Prey; and they are of the Cat, the Dog, the Vermin, 
and the Hare Kind. 

7. Of the Cat Kind of Quadrupeds, are reckored the Lion; 
the Tiger; the Pardalis (whote Male is Pardus, Female Pan- 
ther); the Leopard; the Lynx; the Cat-a- Mountain; the Bear; 
and the common Cat. 

8. Of the Deg Kind they account the common Dog, the Wolff, 
the Fox, the Jackal), the Ci vet Cat, as it is erroneouſſy called; the 

Rackoon, 
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B. The Nature of Beaſts or Quadrupeds, is, 
with Reſpect to the ſenſitive Life, or animal Oe- 
conomy, the ſame with that of Man already de- 
ſcribed: What I ſhall here take Notice of then, 
ſhall be thoſe Particulars wherein the Brute dif- 
fers from a Man, and 1s what he is; the Chief 
of which are the following : 1. Their external 
Form and Shape, which is almoſt infinite; and is 


Rackoon, or Ratoon ; the Badger; the Otter ; the Sea-Calf, or Seal; 
the Sea Hor/e ; the Sea-Cow; and ſome other outlandiſh Animals. 

9. Of the Vermin Kind are the Weaſel; the Ermine, or Stoat, 
if white; the goil Stoat, or Ferret; the Pole Cat; the Marten, 
or Martlet; the Sable; the Genetta; the Ichneumon Bellonii; 
the Indian Mungo; and Quirpele, &c. 


10. Of the Hare Kind are the Hare; the Rabbet, or Coney; 


the Porcupine; the Bever; the Squirrel; the Rat; the Mouſe; 
the Dormouſe; the Guinea Pig; the Tapeta, Aperca, Agati, and 
Paca, of Braſil; and the Conies and Mice of various foreign 
Countries, 

11. To theſe Kinds of Quadrupeds may be added ſome others 
more anomalous, as Viviparous four-footed Animals, having a 
Jongiſe Snout, and their Feet divided into many Claws or Toes, and 
waving Teh As the Urchin, or Hedge Hog; the ſeveral Sorts of 
T atons, or Armadillo's; the Mole; the Shrew Mouſe; the white 
Indian Erinaceus, &c. | 

12. Others, which have a longiſh Snout, their Feet divided into 
many Claws, but have no Tecth: As the greater and leſſer Ant- 
Bear; the Tamandua Guacu of Braſil, &c. 

13. Flying Quadrupeds, with a ſhorter Snout, and their Feet 
divided as before; as all of the Bat-Kind, or Flutter Mice; of 
which there are ſeveral Sizes, and different Forms. 

14. Viwviparous and ſanguineous Quadrupeds, breathing with 
Lungs, and having only one Ventricle in the Heart; as the 
Frog ; the Toad; & Tortoiſe ; of theſe there are many differ- 
ent Species both of Land and Water ones in foreign Parts. 

15. OwiparousQuadrupeds with along Tail ſtretched out ho- 
rizontally ; as all of the Lizard Kind; the Crocodile; the com- 
mon E, or Newt ; the Seps, a Sort of footed Serpent; the Sala- 
_ the Cameleon; a flying Lizard; with various other 

inds. 

Conſult Mr. Ray's Synopſis Animalium. Jobnſtoni Hiſtoriæ 
Naturalis. Borelli de Motu Animalium. Willis de Anima Bru- 
torum, Ariſtotle and Zlian among the Ancients ; as alſo Pliny's 
Natural Hiftory of the World. 

Y that 
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that which chiefly diſtinguiſhes the various Spe- 


cies of Brutes. 2. Their Size, of which there 
are numerous Degrees; the greateſt of all are 
the Elephant and Rhinoceros. 3. Their prone Poſ- 
ture, neceſſary to their Way of Living. 4. Their 
Motion, or Gait, which is on four Legs, and are 
therefore called Qradrupeds. 5. The ſpecial 
Contrivance and Form of their Heads, which 
is infinitely various. 6. They are ſome of them 
endued with Horns of various Figures and Sizes. 
7. They have a ſpecial Form and Structure of 
their Ears externally. 8. The Make of the 
Eye is very different in different Species of Ani- 
mals. 9. The Neck is adapted to the Length 
of their Legs, except only in the Elephant, 
which hath his Probo/cis, or Trunk, to ſupply 
that Defe&t. 10. The Form of their Legs is 
peculiar, yet different in divers Species ; whence 
the ſlow Motion of ſome, and wonderful Api- 
lity and Swiftneſs in others. 11. They are all 
provided with Taile of different Length, Size, 
&c. whoſe Uſe is to defend themſelves from 
the Moleſtation of Flies, &c. 12. Their Bodies 
are clothed with various Teguments of Hair, 
Wool, Spines, Down, &c. ſuitable to their par- 
ticular Occaſions of Life. 13. Their Feet are, 
ſome cloven into Hoofs, others divided into 
Claws, with Variety of different Nails to an- 
ſwer their various Purpoſes of Life. 14. Their 
Noftrils are ſomewhat differently formed from 
ours, and from one another. 15. Their Brain 
is conſiderably leſs in Proportion to their Bo- 
dies, than Man's. 16. They have ſome of them 
a peculiar Membrane, called the nictitating 
Membrane of the Eye, by which the Eye, fre- 
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quently winking and contracting the Pupil, is 
preſerved from the Annoyance of the Graſs, 
Stubble, &c. in gathering their Meat. 17. They 
are provided with a ſtrong, tendinous, and in- 
ſenſible Ligament, braced from the Head to the 
Middle of the Back, called the awhize Leather, 


which ſuſpends the weighty Head without Pain, 


in grazing, Sc. 18. The Stomachs of Brutes 
are different from ours, and from each other's, 
both in Se and Number; for ſome have ſmall, 
others large Stomachs; in ſome, one only; in 
others, two or more; thus the Drom edary hath 
four Stomachs. 19. Some have the wonderful 


Faculty of Rumination, or chewing the Cud; 


for the compleat Maſtication of the Food at 
the reſting leiſure Times of the Animal. 20 
The Hearts of Animals are of ſpecial Struc- 
ture; in ſome it hath but one Lentricle, as 
Frogs; in others fue; and in ſome three Ven- 
Tricles, as in the Sea-Calf, &c. 21. Some Ani- 
mals live only on Land; others, called Amph1i- 
bious, live both on Land and in the Water. 
22. The Food of Brutes is very various, ſome 
feeding on Fleſb, called Carnivorous; others 
on Graſs, called Graminivorous; ſome on 
Grain and Seeds, called Granivorous, &c. Be- 
ſides innumerable other Differences that might 
be named, of leſs Note, between a Man and a 
Brute. 
A. Pleaſe now to oblige me with a ſhort Ac- 
count of the Nature of Birds or Foul. 
B. The 


1. Birds are either Land Fowl, or Water Fowl! : Of Land 
Fool, ſome have crooked Beaks and Talons; of theſe ſome are 
carnivorous and rapacicus, being called Birds of Prey; ſome 
frugi vorous, or which feed on Corn, and are called by the y_ 
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B. The Philoſophy of Fowl, or the feathered 


Tribe, is really wonderful, as will appear from 
a ſhort 


2, Of Birds of Prey, ſome are diurnal, preying in the Day- 
time; and of theſe they reckon a greater and a leſſer Sort: The 
greater are either of a more bold and generous Nature, as the 
Eagle-kind ; or of a more cowardly and ſluggiſh, as the Vulture. 

3. The leſſer diurnal Birds of Prey, are the Accipitres, or of 
the Haut- (ind. And theſe are of a more bold and generous 
Nature, and are want to be reclaimed and managed for Fowling, 
and are called Hawks : Theſe the Falconers diſtinguiſh into 
Long-winged, as the Falcon, Lanner, &c. and Short-winged, as 
the Goſhawtk and Sparrow- Hawk. 

4. Thoſe of the Hawk-kind, which are of a Nature more 
cowardly and ſluggiſh, or elſe indocile, are neglected by the 
Falconers, and ſo live at large, And of theſe there is alſo a 
greater Sort, as the Buzzard-kind; and a leſſer, as the Buicher- 
Bird, or Shrike ; (about as big as a Black-bird) and the Bird of 
Paradiſe, which is exotic. 

5. Of Birds of Prey with crooked Beaks and Talons, ſome 
are nocturnal, or which fly and prey by Night, as the Owl-kind. 


And theſe are either horned or cared, as the Fagle-Oæul, the 


 Horn-Owl, &c. or without Horns, as the Brown-Ow!l, the 
Grey-Oæul, &c. 


6. There is a Sort of Land-Birds, which feed on both Fe 


and Fruits, and are diſtinguiſhed into three Sorts, according to 
their Bigneſs ; the greateſt Size being called Maccaws; the mid- 
dle- ſzed, and moſt common, Parrots and Propinjays; and the 
leaſt Sort, Parrakeets; and all this Kind make ule of their Beak 
in climbing, and move the upper Jaw. 

7. Land-Birds that have their Bill and Claws more ftraight, are 
alſo divided into three Sizes. The greateſt Sort are ſuch, as by 
Reaſon of the Bulk of their Bodies, and the Smallneſs of their 
Wings, cannot fly at all; theſe are exotic Birds of a ſingular 
Nature, as the Ofrich, the Caſfſaware, the Dodo, &c. 

8. The middle-ſized Kind are divided by their Bills into ſuch 
as have large, thick, ſtrong, and long ones; ſome whereof 
feed promiſcuouſly on Fleſp, Inſecbt, and Plants; as the Crows 
kind, which are wholly black; and the Pje-kin4, which are 
party- coloured. Some feed on Fleſh only, as the King's Fiſher ; 
and ſome on [»/e#s only, as the Yord-pecker, And into ſuch as 
have a ſmaller and ſhorter Bill, whoſe Fleſh is either evb:ze, as 
the Poultry-kind ; or blackiſh, as the Pigeon and Thruſh-kind. 

9. The leaſt fized Kind of Land Birds, with ftraight Bills and 
Claws, are called Small Birds; and theſe are of two Kinds, viz, 
ſeft-beaked, which have ſlender, ſtraight, and pretty longiſh Bills, 
molt of them, and feed chiefly on Iuſects; or hard-beaked, which 
have thick and hard Bills, and feed moſtly on Seeds, 
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a ſhort Survey thereof: For, 1. with reſpe to 


their Generation, they are produced from Eggs, 


and are therefore called ou;parous Animals, 2. 
Their Motion is two-fold, vis. flymg and walk- 


ing; and are thereby rendered, 3. the Inhabi- 


tants both of the Land and Air: For which Pur— 
poſe, 4. they are wonderfully contrived with a 


10. Vater Foaul are ſuch as frequent Water and watery Places 
to ſeek their Food; and thele are all eloven - footed, and generally 
nave long Legs, naked above their Knees, that they may the 
more conveniently wade in Waters. Of theſe they reckon two 
Sorts, viz. a greater, as the Crane, Jabiru, &c. and a leer, 
which are either Piſcivorous, feeding on Fiſh, as the Heron, 
Spoonbill, Stork, &c, or Mud/uckers and Inſecti vorous, of which 
ſome have very long and crooked Bills; as the Curlew and Wim- 
brell ; and others long and ſtraight, as the Woodcock and God- 
uit. | 

11. Others have middle-fized Bills, as the Sea-pye and Red- 
ſhank ; and a third Sort have ſhort Bills, as the Lapwinrg and 
Plover. Thoſe are reckoned fort Bills, which exceed not an 
Inch and a Half; the middle fized Bills are betwixt that and two 


Inches and a Half; and /ong Bills are all above two Inches and 


a Half. 

12. Another Kind of Water-Fow! ſwims in Water; ſome of 
which, as the Morehen and Coot, are eloven-footed, and moſt are 
ewhole-footed. And of theſe, ſome few have very long Legs, as 
the Flammant, the Avo/etta, and Corrira; but moſtly they are 
ſhort-legged ; of which ſome few have but three Toes on a Foot, 
as the Penguin, Raſorbill, &c. but generally they have four Toes 
on a Foot; and theſe either all connected together by interve- 
ning Membranes, as in the Pelican, Solan- Gcoſe, or more uſually 
with the back Toe looſe, 

13. And this Kind are either zarrow-billed, or broad-balled; 
thoſe with narrow Bills have them either blunt or hooked at the 
Top, of which Sort ſome are /zrrate, as in the Diver Kind; 
and ſome not /errate or toothed, as in the Puffin; or ſharp-point- 
ed or ſtraighter, of which Sort ſome have long Wings, as the Gull 
Kind; and ſome ſhorter, as the Diving Birds, called Douckers. 

14. Thoſe with broad Bills may be divided into the Goo/e 
Kind, which are large; and the Duck Kind, which are ſmaller 
and theſe latter into Sea. Ducks, and River or Pond-Duchks. 

15. Moſt Water-Fowls have a ſhort Tail; and none of this 
Kind have their Feet diſpoſed like Parrots and Woodpechers that 
have tauo Toes forward, and two Toes backward, none having 
more than one back Toe, and ſome none at all, 

N Pair 
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Pair of Wings to buoy themſelves up in the fluid 
elaſtic Sphere of Air, and whereby they keep 
their Bodies on a due Balance and Equipoiſe in 
their Motion. 5. The Tazls of Birds are given 
them to ſteer their Courſe, keep them ſteady in 
Flight, and to affiſt them in their Deſcents and 
Aſcents into the Air. 6. The Plumage of Birds 
isa wonderful Thing, their Feathers dloath and 
beautify them; a Feather is a curious Produc- 
tion in every Part, the Quill, the Rib, and the 
Janes, being thoroughly underſtood; The Pith 
in the Rib appears through a Mzcroſcope on the 
tranſverſe, Section à, as is repreſented in A, 
Fig. LII. on Plate XXV, fronting p. 307. And 
a Vane of a Feather (as G appears like another 
Feather when magnified, as in B, Fig. LIII. on 
the ſame Plate, where you obſerve the net-like 
Texture of its membranous Part, and C is the 
little End magnified. 7. The Feet of Fowl are 
very. particular, being ſpread ſome with Mem- 
branes for ſwimming, as Ducks, Geeſe, &c. ſome 
without for ſteady walking, perching, holding 
their Prey, Sc. 8. The terrible ſharp-pointed 
Talons in Birds of Prey are very remarkable, as 
thoſe of the Eagle, Vulture, &c. 9. The Heads 
of Birds are admirably ſuited for making Way 
through the Air, being very near the Figure of 
Sir J/aac Newton's Solid of leaſt Reſiſtance. 
10. The Beah, or Bill, is a ſtrange Piece of 
Art, their very Jaw-bones, as it were, growing 
out of their Head, and meeting in a Point, won - 
derfully adapted to pierce the Air, gather Food, 
and penetrate Wood, Earth, Cc. for Prey. 11. 
The Ears ſtand not out from the Head to 
hinder Flight. And, 12. The commodious Si— 
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tuation of the Eyes of Bzrds is ſurprizing ; for 
each of their Eyes takes in very near an Hemi- 
ſphere, and conſequently with both Eyes they can 
ſee nearly all around them at once, and fo the 
better ſeek their Food and eſcape Dangers. 13. 
The wonderful Structure of the Body of Fowls, 
in the Form of a Ship, the Brea/i-bone ſerving 
as a Keel, and their Tails as Rudders, to govern 
them in their aer:al Voyages, deſerve our Atten- 
tion and Admiration. 14. The internal Make 
of their Bodies, and the ſeveral Parts, as the La- 
rynx, the Tongue, the inner Ear, the various 
Muſcles, their Lungs, the Poſture of the Heart, 
&c. are different for the moſt Part from other 
Animals. 15. The Migration of Birds is an 
Inſtance of great Amazement : The Stork in 
the Heaven knoweth V'WM her appointed Times, 
and the Turtle, and the Crane, and the Swal- 
low, obſerve the Time of their Coming, ſaith God 
himſelf, Jer. viii. 7. What ſtrange Inſtinct ſhould 
induce them to change their Place? What 
ſhould direct ſome to warmer Climes? others to 
colder Climes ? Yea, what ſhould incline Swal- 
lows, for Inſtance, to take up their Winter 
Quarters in the Water, under the Ice, in Lumps 
and Cluſters in the frozen northern Seas ? as it 
is well known they do *. 16. The Incubation 


Since not only Olaus Magnus reports this in his Breviar. Hiſt. 


Serpent. Lib. XIX. Cap. 11. but alſo Ezmuller affirms he has found 


Swallows in this Condition among the Reeds of a Fiſb- Pond; and 
the Rev, Mr. Der bam ſays, that at a Meeting of the Royal Soci- 
ety Feb. 12, 1711-12, Dr. Colas declared he ſaw 16 Swallows ſo 
drawn out of the Lake of Samdrot, and about 30 out of the King's 
great Pond in Rofncilin; and that at Schlebitten, near an Houſe of 
£1e Earl of Dohbna, he ſaw two Swallows juſt come out of the 
Waters, that could ſcarce ftand, being very wet and weak, with 
their Wings hanging on the Ground ; and that he hath obſerved 
the Swallows to be often weak for ſome Days after their Ap- 
pearance. Phyſico-Theol. Book VIII. Chap. 3. Note (4.) 
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of Fowls is worth our Notice: How (ſays the 
great Naturaliſt, the Rev. Mr. Derham } ſhould 
they be aware that their Eggs contain their 
Young? or, that their Production is in their 
Power? 17. Their Nidiſication ought to hum- 
ble the Pride of Man; with what inimitable 
Art, Neatneſs, and Propriety, do they contrive 
and build their Neffs ? 18. The Egg itſelf is a 
ſtupendous Contrivance of infinite Wiſdom. 
Moſt Animals are produced from Eggs within, 
but Fowl exclude their Eggs, which therefore 
are made with hard cruſty Shells to preſerve 
the included Embryo from Accidents, and to 
contain ſuitable Nouriſhment for it : Chickens 
are nouriſhed by the White alone till grown 
great, and then feed on the ſtronger Diet of the 
Yolk. 19. Though all Fowl are hatched from 
Eggs; yet it is not always by the Incubation or 
Brooding of the parent Fowl, but by ſome 
other Heat or Warmth ſometimes : Thus, 
Job xxxix. (the O/trich) leaveth her Eggs in the 
Earth, and warmeth them in the Duſt; and at 
this Time they hatch Chickens in Ovens at 
Grand Cairo in Egypt ; each Oven containing 
80000 Eggs. 20. Some Birds feed on Grain, 
and are called Granivorous; and Birds of Prey 
are called Carnivorous, becauſe they feed on 
Fleſh. Theſe are a few of the many wonder- 
ful Properties of the Nature of Birds. 

A. Indeed, Sir, it affords me unſpeakable 
Pleaſure to hear you recount the Particulars 
of the wonderſul Nature of different Animals ; 
and, pray, go on if you pleaſe, in the next Place, 


with the Nature of Fiſhes *, B. The 
© 1. Ariſtotledivides Fiſhes into three Kinds, vis. Ceraceous,Care 
1 tilaginousy 


340 The PHILOSOPHICAL GRAMMAR. 
B. The remarkable Particulars in the Surve 


of the Nature of Fiſhes, which I ſhall juſt ob- 


ſerve 
tilaginous, and Spinous; and to this Diviſion Mr. Willoughby 
conſents, as better than that of Rondeletius, who diſtinguiſhes 
Fiſhes into Sea-Fihh, Riwer-Fiſh, Pond or Lake-Fiſh. 

2. The Cetaceous Kind, ſometimes called the Bellæ Marine, 
have Lungs, and breathe like Quadrupeds; they copulate alſo 
like them, conceive and bring forth their Young alive, and 
ſuckle them with their Milk. 

3. The Cartilaginous Sorts are produced from large Eggs like 
Birds, which are excluded the Womb alſo, like thoſe of Birds. 

4. The Spinous Kind are alſo Owiparons, but their Eggs are 
ſmaller, and they have Spize, or ſharp Bones up and down in 
their Fleſh to ſtrengthen it. 

5. But Mr. Willoughby thinks it would be yet more proper to 
diſtinguiſh Fiſh into ſuch as brea:/he with Lungs, and ſuch as 
breathe with Gills; and then to ſubdivide thoſe that breathe with 
Gill; into Viviparous, and Oviparous. 

6. The Yiviparous Kind he ſubdivides into the long, as the 
Sharks and Dog-Fiſh; and broad Kind, ſuch as the Paſtinacæ, 
Raje, Squatinæ, &C. | 

7. The Ow7iparous Kind are the moſt numerous; and theſe he 
ſubdivides into the Flat ſiſb Kind, and ſuch as ſwim with their 
Backs upright, or at right Angles to the Horizon. He gives 
us the following Catalogue of our Engliſb Fiſhes. 

8. Of the long Cartilaginous Kind, are the auhite and blue Shark; 
the Tepe; the Prickled Dog, or Hound Fiſh ; the Smooth- Hound- 
Fiſh ; the Cernwall-Bounce; the Morgay, or Leffer Hound Fiſh. 

9. Of the plain Cartiiaginons Kind, are the. Scate or Flare ; 
the T hornback; the WYhite-Horje ; the Angel. or Monk-Fiſh; the 
Toad. Fi, or Sea-Dewil. 

10. Of the plain ſpinous Kind, are the Turbet, or Bret; the 
Coruavall- Lug Ale; the Plaſe; the Dab; the Flounder ; Fluke, 
or Butt ; the Heoly- Butt, or T avbot of the North; the Sole. 

11. Of the Eel Kind we have the Lamprey ; the Lampern ; the 
Conger-Eel ; the common Fel; the Sand-Fel or Lancer; the But- 
zer-Fifp ; the Sea-Loach ; the Eel Pout, or Turbot; the Sea-Wolf ; 
the Sea-Larkt; the Crefted-Sea-Lark ; the Liparis of Rondeletius; 
the Miller's Thumb; the Dutch-Poto- Hogs. 

12.'Of the Kinds of Fiſh wanting the Belly Pair of Fins, we 
have the Szn-Fifb; the Acus of Ariffotle; the Sea Adder; the 
Saw-Fiſh; towhich may be added the Bermaid, or Syren. 

13. Of the Non:/pinous Kind with three unprickly foft Fins on 
the Back, we have the Coa- Fiſb; the Whiting-Pollock ; the Cole - 
Fi; the Whiting-Blands; the Haddcck ; the Whiting. 

14. Of the Ncn-/dinous Kind with only tao /oft Fins on the 
Pack, are the Hate; the Ling; the Tunny, or Spaniſh Mackrel ; 
the Crayling, or Umber ; the Ginnard; the Schelly; the Salmon; 

| the 


The Nature of Fiſhes. 341 
ſerve to you, are the following : 1. As they 
were originally made out of the Vater, fo 
that 1s the only Element in which they can 
live: And therefore, becauſe, 2. Their Mo- 
tion is ſimming, they need no Legs; and fo 
have none. 3. Inſtead thereof, they are 
much better provided with Fius, and more 
eſpecially a proper Sort of Tails, which ſerve 
as Oars to waft themſelves about withal in 
the Water : For, 4. The Fins on the Belly 
principally ſerve to keep them from turning on 
their Backs, as being the heavier Part; as 
they would do, were thoſe BellyFins cut off. 
5. The Fiſhes uſe Reſpiration in Water, by 
paſſing it through their Mouths and Gilles; for 
their Gz/ls ſerve in them the Office of the Lungs 
in other Animals. 6. The Bodies of Fiſhes 
are contrived with ſuch divine Geometry, as 


tne Samlet, or Braulin; the Gray; the Salmon-Tronut ; the Ecurf, 
or Bull- Trout; the Trout; the Red-Chare; the Gilt-Chare; the 
Smelt ; the Rock-Fiſh, or Sea-Gudgeon ; the Lump, or Sea-Owl; 
the Dog, as it is called in the We/ of England. 

15. Of the Non ſpinous Kind with only one Fin on the Back, 
we have the Herring; the Pilchard; the Shad; the Sprat, 
(which is only a young Herring); the Gar-Fiſþ ; the Sturgeon ; 
the P:4e, or Jack ; the Carp; the Bream ; the Tench; the Oerve; 
the Cab; the Barbel; the Dace; the Roach; Bleak; Gudgeon; 
Lonch; and Minoww, Note, the laſt twelve of theſe are called 
(Malacoftomi) Leather-mouthed Fiſhes, becauſe they have no Teeth 
in their Jaws, but only deep down in their Mouths, 

16. Of the ſpinous Kind with Tau Fins on the Back, of which 
the foremoſt is aculeate, or prickly, we have the Bae; the Mul. 
let; the Grey- Garnard; the Tub-Fiſh; the Retchet ; the Piper; 
the Sur-Mullet ; the Spider; the Scud; the Perch; the Dorge. 

17. Of the aculeate Kind with only one Fin on the Back, whoſe 
Radii are ſome prickly, and /ome ſoft, we have the Gilt-Head ; the 
Old Mig; the Ruff; the Prickle-Back, or Banſlicle ; the leſſer 
Prickle-Back. 

18. Of the Cetacesus Kind, there are reckoned only the Ba- 
lena Britannica of the Ancients, at this Time not known; the 

common Whale; the Delphin: and the Porpuſi. 
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to paſs through the denſe Medium of Water with 
the greateſt Eaſe, and the leaſt poſſible Re- 
ſiſtance from it. 7. How wonderouſly are they 
defended, beautified, and rendered more apt 
for gliding through the Water, by thoſe hard, 
ſmooth, poliſhed, numerous Scales, with which 
the Surface of their Bodies is ſo curiouſly over- 
laid! 8. The great Author of Nature has con- 
trived the Eye of Fiſhes juſtly ſuitable to the 
Nature and Refraction of Water, different 
from that of Air, for their Eyes are flat out- 
wardly, and not protuberant, left they ſhould 
wear and hinder Motion; but the cry/talline 
Humour is made ſperical, and not lenticular, or 
flattiſh, as ours, who live and ſee through Air. . 

Fiſh are contrived with an Air-bladder, which 
makes them buoyant ; and according as they 
dilate or contract their Bladder, by the Means 
of Air, ſo they are enabled to abide higher, de- 
ſcend lower, or remain in what Part of the Wa- 
ters they pleaſe. 10. Some Fiſhes are wonder- 
fully 245 with Inſtru ments of Defence, Pro- 
viſion, Fe. What amazing circular Rows of 
horrible Teeth fall the Mouth of a Shark other 
ſome are endued with Mings; ſome have two 
or more Feet, as the Male M hale, &c. See the 
wonderful Unicorn-Fiſh in Fig. LIV. on Plate 
XXVI, fronting p. 342, whoſe Horn is 10 or 
12 Feet in Length. The Sword-Fiſb in Fig. 

LV. and the Saw-Fiſb in Fig. LVI. on the 
ſame Plate, are very ſurprizing; the Sword 
and Saw, where they ſhoot from the Head, 

being fix, eight, or ten Inches wide, and Sour 
fiveor ſix Feet in Length, as I remember to have 
ſcen them; the Teeth of the Saw at the broad 
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The Nature of Inſe&s, 34} 


End being as long as one's Finger. 11. The 
Size of Fiſh, and other Water Animals, is 
almoſt infinitely different; the greateſt is the 
Whale, (called Leviathan in Scripture) being 
the biggeſt of all. Pliny, lib. ix. cap. 3. men- 
tions ſome Whales 960 Feet in Length ; and, 
lib. xxxii. cap. 1. he mentions hates 600 Feet 
long, and 360 broad, which came into a Ri- 
ver of Arabia. 12. The Species or Sorts of 
Fiſb are as various as their Size, and cannot 
be all known. I could, had I Time, have 
named to you a far greater Number of re- 
markable Peculiarities in the Nature of the 
finny Tribe But, if you deſire a farther Ac- 
count, you may conſult the voluminous Writ- 
ings of the Learned. | 


A. Sir, this is abundantly better than none; 
pray proceed to recapitulate ſome of the chief 
Things obſervable next, in the Nature of In- 
ſects, if you pleaſe *. B. Nothing 


* 1. Mr, Ray, in his Method of InſeQs, diſtinguiſhes Inſects 
into two general Kinds, viz. ſuch as change their Form, and ſuch 
as do not change their Form, 

2. Inſets, which change not their Form, have ſome ſix, ſome 
eight, ſome fourteen, others twenty-four Feet, and ſome many 
more, which are therefore called Polypedes, or Multipedes. 

3. Thoſe that have but ſix Feet, are terreſtrial or aquatic ; the 
terreſtrial are of various Sorts, as the Loſe, the Flea the Crab- 
Louſe, the Wall-Louſe, the Tick, and ſeveral others found in the 
rotten decayed Wood of Trees, old Books, in Meal, in the Earth 
in Flowers, &c. Thoſe in Water, are a Sort of Louſe adhering 
to Fiſh ; and the Squilla fluwiatilis. 

4. Inſects with eight Feet are either with a Tail, as the Scor- 
pion; or without, as the Spider. Of this Sort ſome pin no Web, 
have but rave Eyes, and very long Legs, as the Carter or Shep- 
herd. Others pin a Web, and have many Eyes, and are of divers 
Sorts. To this Tribe of eighr-foored Inſects belong ſeveral Sorts 
of Ticks, and the Syrones, or Mites. 

5. Inſects not changing Form, and with 14 Feet, are the Arſelli, 
or thoſe of the Vood- Lice, or Cbeſi- bob Kind, of which ſom chve 

| T4 in 
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B. Nothing pleaſes me more; therefore with 
regard to Juſetts, I obſerve, 1. That though 


they 


in Water, ſome on Land. To this Tribe are alſo referred a Sort 
of Water-Gnat, or Fh, and a Water-Louje, found upon Fiſh. 

6. Theſe which have 24 Feet, have the eight fore Feet leſſer, 
and the 16 hinder ones larger. Of thele there are two Kinds 
obſerved, both with long Bodies, one larger and of an obſcure 
Colour, among the Rocks by the Sea- Side; the other of a Sil- 
ver Colour found in Houſes, 


7. There is a Kind with zo Feet, of an oblong Shape, Cheſ- 


nut Colour, and full flattiſh Body, uſually lying under Logs 


and Trunks of Trees: It is very agile and ſwift. 
8. The Multipede Inſects, which change not their Form, are 


found both in Land and in Water; thoſe on Land are either 


reundiſh in the Body, with all their Legs riſing out of the Middle 
of the Belly nearly, as the Talus; or more flat and compreſſed, 


with their Legs growing along on each Side, as the Scolopen- 
dra. 


9. And ſome of theſe Multipedes are aquatic, of which Mr. 


Ray makes three Sorts, viz. the Corniſh Lugs with 38 Feet, the 


Scolopendra Marina, and a two-tailed Animal lying in the Clefts 
of Stones under the Salt Water. 


10. The ſecond Kind of inſects are thoſe avhich change their 
Form, or undergo a real Metamorphoſis, And this is of three 
Sorts or Species, viz. The fir? is when the Tran/mutation or 


Change #s Angle and inflantanzous ; there being no ſenſible Stop 


or Reſt between the Old and the New Form. The /ecend Species 
is when there is a double Metgmarphoſis : as firſt into a Chry/aiis, 
and then into a flying Inſet. The third Species is a ſimple 
Change from a Worm to a flying Inſect, but yet with a ſenſible 
Reft or Stop between one Form and the other. | 
11. Of the fir ft Species are the Libelle or Pertæ produced ſrom 
an Inſect with fix Feet; the Cimices Sylveftres, having the Figure 
of St. Andrew's Croſs on their Backs; the Locufts ; the Gryllo- 
Talpa, or Mole-Cricket ; Crickets of all Kinds; the Graſhopper ; 
the Blatta ; the Ephemera, which lives but a Day; the Water- 
Scorpion; Water-Flies of ſeveral Sorts, c. end 
12. inſets changing Form of the ſecond Species, or which under- 
go a double Tranſmutation, are very numerous; they lie a while 
before their Change quite ſtill, without Food, orchanging Place. 
13+ In reſpect of their Wings, they are either Vaginipennia, or 
ſuc h as have Ca/es within which they withdraw and cover their 


Wings, as all the Scarubæi, or Beetle Kind; Anelytra, whoſe 
Wings are open and expanded, 


14 The Scarabs, or Beetles, are divided in reſpect of their Horns 


into the Naſicornis, the Bucerota, and Cervus Volant, or & tag-tly. 
a In 
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cies of Creatures, yet when well conſidered, 
and catefully ſurveyed with a Microſcope, they 
will appear the Pride of Nature, wherein ſhe 
has beſtowed more nice and delicate Art, and 
diſplayed more profulely the rich Embroidery, 
and elegant Beauties and Garniture of Colours, 
than in any of the larger Species of Animals; 
though unheeded and unſeen by us. 2. In/efs 
are ſo called from the Shape of their Bodies, 
which ſeem as it were /in/ea, i. e.) cut into 
two Parts or Halves, and joined to one ano- 
ther by a ſmall String or Neck, as in Ants, 
Flies, &c. 3. They are all Oviparous, that is, 
they lay Eggs, from whence they are all pro- 
duced. 4. The different Kinds of Iiſects re- 
poſit their Eggs in different Places; ſome in 
Beer, Vinegar, &c. ſome in Plums, Peaſe, 


Nuts, &c. as the Ichneumon Elie In Pears, 
Apples, &c. as the Phalenænæ Kind: In the Bark 


In reſpe& of their Antennæ they are of many Kinds, of which 
the moſt eminent are the Capricerni. Some from their Motion 
are called Saltatrices, or Leapers ; and others from their Colours 
are called Cantharzides, 

15. To the Beetle Kind may be referred the Glow-Worm ; 
the Staphylinus, and the O:!-Beetle, fo called from its emitting 
a Sort of Oil from its Joints on being ſqueezed or preſſed. 

16. The Anelytra, or Inſects whoſe Wings are open, and with- 
out Caſes, have their Wings either farinaceous or mealy, as the 
Butterfly Kind ; or membranous and tranſparent, as the Fly Kind. 

17. The Anelytra with farinaceous or mealy Wings are of 
two Sorts, wiz. Pajiliones, or Butterflies, which fly by Day; and 
the Phalenz, or Millers, or Moths, which fly by Night. The 
various Sorts of each are ſo numerous, as ſcarce to be recounted 
or methodizcd. 

18. Anelytra with membranous Wings are a large Species, and 
comprehends numerous Tribes of the moſt perfe# Inſects, as the 
Hornet, the Humble- Pee, the Bee, the Waſp, and all the Fly and 
Gnat Kind; hitherto is alſo referred the Formica, or A. Moſt 
of this Head come from a Vermicle or Maggot by a Metamor- 


phoſis of the third Kind, 
Wood, 
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Wood, Buds, Leaves, &c. of Trees. The white 
Butterfly lays its voracious Offspring on Cab- 
bage-leaves: Some, which require Warmth, lay 
their Eggs about the Bodies of Animals, as in 
the Feathers of Birds, the Hair of Beaſts, and 
even in the very Scales of Fiſh : Some go far- 
ther, and penetrate the Body itſelf, and its Ca- 
vities, and there lay their Eggs, as in the Noeſe, 
Gut, the Kidneys, the Bladder, the Brain, in 


the Gall-Bladder itſelf, and in the Fleſh in gene- 


ral. 5. Hence the ſurprizing Production of 
Maggots and Vermin in all thoſe Places, and 
Parts of Animals now mentioned. 6. The Me- 
tamorphoſis of Inſects is a Thing extremely aſto- 
niſhing ; I ſhall give from Mr. Geodart an In- 
ſtance thereof: See Fig. LVII. on Plate XXVI, 
fronting p. 342. The Eruca or Caterpillar A 
hath its Origin //az7h he from the Egg or Seed 
of a Butterfly C, called the Peacocts Eye; I 
took it the 4th Day of May 1635, and nou- 
riſhed it with the Leaves of Nettles till the 11th 
of Fune the ſame Year; at which Time it be- 
gan to prepare for its Transformation to the 
State in which it is called CHryſalis or Aurelia, as 
B; in this aurelian State it continued changin 

(with its Head downwards) 19 Days, at the End 
of which, there proceeded from this Aurelia a 
Butterfly C, with four Wings; and from its 
elegant Colours, called the Peacock's Eye, as 
aforeſaid. 7. Inſects in their firſt State, as Maggots 
and Caterpillars, feed on hard and coarſe Diet, 
as Leaves, Sc. contrary to other Animals; in 
their aurelian State, they ſubſiſt without an 

Food ; in their mature State, as Flies, they live 


on a more delicate and tender Diet, as Honey 


from 


— — — ——w— 
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from Plants, Blood from Animals, &c. It is diſ. 
covered by the Microſcope, that the elegant Co- 
lours of Butterflies, &c. are owing to neat and 
well-made Feathers, ſet with great Curioſit 
and Exactneſs in Rows and good Order. 9. The 
Eyes of Inſecis are hard, fixed, or immoveable; 
and ſome have more than two, as Spiders have 
four, ſix, or eight Eyes: Flies, Waſps, Fc. have the 
Cornea, or outward Coat of their Eye, made of 
curious Lattice- work, as is repreſented magni- 
fied in Fig. LVIII. on Plate XXVI, fronting 
P. 342. The Eyes of theſe Inſects have this Con- 
trivance to ſupply the Place of the cry/alline and 
vitreous Humours, which they (it is thought) 
have not. 10. The Antenna, or Feelers, which 
grow from the Head of Ichs, ſerve them to 
feel out Obſtructions and Annoyances in their 
Walk or Flight; are a good Guard to the Eyes 
and Head; and in many, a very beautiful Piece 
of Garniture to the Body. 11, As to the Motion 
of Inſects, ſome creep, ſome leap, ſome walk, 
ſome ſwim, and molt of them fly; ſome fly 
with Wings, others by Help of their Webs, as 
Spiders; and others by Means as yet unknown. 
12. The Wings of many Inſects, area moſt curious 
Piece of Workmanſhip, diſtended and ſtrength- 
ened with the fineſt Bones, and theſe covered 
with the fineſt, tranſparent, and lighteſt Mem- 
branes ; ſome adorned with neat and beautiful 
Feathers, and many provided with the fineſt 
Articulations and Foldings, for the Wings to be 
withdrawn, and neatly laid up in their Vaginæ 
or Caſes ; and again readily extended for Uſe. 
13. Thoſe Inſects which have four Wings, have 
their Bodies thereby kept ſteady and upright in 
„ 1 Flight; 
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Flight; and thoſe which have but two Wings, 
have Poiſes or Pointils, like little Balls, ſet under 


their Wings on each Side their Bodies for that 


Purpoſe. 14. The Minuteneſs, Art, and Curi- 
oſity of the Joints, Muſcles, Tendons, Nerves, 
Sec. neceſſary to perform the Motion of the 
Wings, Legs, and other Parts, is a ſurprizing 
Thing to all who conſider it. 15. The Nidift- 
cation of Inſects far excels the moſt exquiſite 
human Art, witneſs the nice geometrical Combs 
of ſome, or earthen Cells of others, or the 
Webs, Nets, and Caſes woven by the admira- 
ble Textrine Art of ſome others. 16. Again, 
what ſtrange Iaſtinct leads others of thoſe ſmall 


Creatures to make even Nature itſelf ſubſervient 


to their Deſigns, by making the Vegetation of 
Trees and Plants the Means of building their 
little Nes or Cells; ſuch as thoſe Caſes, Galli 
and Balls, found on the Leaves and Branches of 
Vegetables of many different Sorts; ſome being 
hard Shells, ſome tender Balls, ſome ſcaly, Gime 
ſmooth, ſome hairy, ſome long, round, conical, 

Sc. 17. They have Parts analogous to the 
Brain, Stomach, Entrails, Arteries, Veins, 
Nerves, Lymphaduts, &c. yet being ſo wonder- 
fully fine and tender, are, as it were, included 
within the hard Caſe of their outward Body ; 

wherewithal they are cloathed and defended, as 
with a Coat of Mail. 18. Again, how curiouſly 
are thoſe outward Teguments, or hard Caſes of 
Inſects Bodies, contrived? How are they ſet 


with Briſtlas, ſharp Spines, &c. for Defence? 


How are they adorned with neat Imbrications, 
and many other Beauties and Fineries? 19. As 
the Magnitude of ſome Species of Animals 1s 
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very wonderful, on the contrary,” the Minute- 
neſs of ſome Inſes is far more amazing: Mr. 
Lewenhoeck has obſerved more of theſe Ani- 
malcules in the Melt of a Cod-Fiſb, at one Time, 
than there are People living on the Face of all 
the Earth at once. It is alſo found, that in a 
Drop of Pepper-water are contained above 
8280000 of thoſe ſmall Creatures; and ſome 
are yet diſcovered ſmaller than theſe, ſo that 
Millions of Millions might be contained in one 
Drop of Water. 20. It is the infinite Number 
of theſe inviſible Animals that makes ſtagnating 
Waters appear of ſo many different Hues, as 
green, brown, reddiſh, &c. But I cannot far- 
ther enlarge, for want of Time. ; 

A. Well, theſe Things loudly declare the won- 
drous Skill and Wiſdom of their Maker; and 
great Pity it is they are not more attended to: 
But, pray, continue this pleaſing Survey next in 
the Nature of thoſe Creatures you call Reptiles®. 
| B. In 


® 1. Reptiles are either terreſtrial or aquatic. Terreſtrial Reptiles, 
or ſuch as are found on Land, or in the Earth; among theſe 
the Serpent Kind are the principal; of which ſome are wenomous 
in their Bite, as the Raztle-Snake, the Viper or Adaer ; and, ſome 
think, theS/ve Worm; but that, as well as its B/indne/ſc,is thought 
by others to be an Error. Some are not venomous, as the common 
Snake, and many other Sorts of Snakes in foreign Countries, 

2. The next conſiderable Species of Reptiles, are Snails of all 
Sorts: Of theſe ſome bear Shells of varions Forms, Sizes, and 
beautiful Colours. Others have 2 Shells, as the large black 
S$rail, and others ofa greeniſh and yellow Colour; with all that 
Sort we call Sluge, found under Boards on moiſt Ground, and 
on the Leaves of Plants, Cc. 

3. To the Head of Repriles alſo many refer the Mul:ipede Kind; 
for as they cannot, without great Impropriety, be called Ty/-&#s; 
and as their Motion, though performed with Legs, is yet 
a Sort of Creeping or Crawling, ſo, they may be very fitly called 
Reptiles ; but as 1 have, according to Mr. Ray's Method, men- 
tioned them in the laſt Note as a Species of Izſeds, I ſhall ſay 
nothing more of them here. 

4. The 
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B. In the Reptile Species ſeveral Things ate 
common to other Animals, and have been al- 
ready obſerved; and ſome Things are ſomewhat 


| arti- 
4. The Lumbrici, or Earth-Worms, are a moſt conſpicuous Part 
of the Reptile Kind: Of theſe ſome are of a larger Sort, called 
Dew Worms ; ſome of a leer Sort, of theſe there are red and 
green, with yellow Tails ; which latter are called G70] Tailt. 
g. Worms found in the Bodies of Animals make another large 
Species; as the Teretes, the Lali, the Aſcarides in the Bowels of 
Men; the Yermiculi Setiformes, and the Botts in the Inteſtines 


of Horſes and other Beaſts. 


6. Aquatic or Water- Reptiles are of various Species; of which, 
in regard of their Motion, Eels make the firſt Diſtinction: But, 
from their more general Nature, they have always been con- 
fidered among the Fiþ Kind, where of Courſe I was obliged to 
take Notice of them in this Survey. See Note, Page 340. Art. 11. 
7. The Leaches make the next Claſs of Vater -Reptiles: Of 
theſe there are three Sorts, viz. the Medicinal Leach, or Sangui- 
fuge ; the common black Hor/e-Leach, and the Aſh-coloured Sea- 
Leaches. There is alſo a Sort of this Kind that is ſmaller and flat- 
ter, which is found ticking to Stones at the Bottom of Brooks. 

8. Beſides this, there is another leſſer Sort of Water-Reptiles, of 
which ſome are round, long, and BHlach, and others red; the 
Black hath two ſmall Horns on its Head; the Red is about a Fin- 
ger's Length, with a Forceps at the Tail. To theſe may be added, 
thoſe very ſmall and ſlender Anguiculæ which lie in Cluſters in ſtag- 
nant Waters, and from a Veſlel of a red Fluid which appears thro? 
the Body of each, they make the Water look red in divers Places. 

9. There is another Sort of this Kind which is fat, and very 
ſmall and thin, and are called Flutes ; they are ſometimes found 
in Waters, and ſometimes in the Branches of the porus Bilarius 
in Sheep. Beſides theſe, there are many other Species without 
Name or Diſtinction. N 

10. I think thoſe Vater-Animalt which are covered with a 
Theca, or Sort of Caſe, are to be referred to the Claſs of Reptiles. 
This Theca is either immoveable, being fixed to the Stones, and 
is of a Figure round, or elſe more compreſſed and flat; or moe - 
able and portable; which Theca is commonly called Phryganea; 
and is either /raight or crooked, 

11. The ſtraight Theca is compoſed either of St raaus and little 
Feſtucæ, lying parallel one to another, of which there are two 
Sorts, a greater, where the Feftucz are two Inches long; and a 
leer, which is very common, and are called Straav-Morms. Or 
elſe the Feſtucæ lie tranſverſely, and are ſhorter, having ſome- 
times Pieces of Shells or Stores mixed with them. | 


12. Others, whoſe Theca or Caſes are ſtraight alſo, have no | 


Feftuce, but always either Sand or Gravel; and of theſe, ſome 


have the Theca round, and are called Cod Baits; others are flat 
and comprelled, | 13, Others 
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particular and peculiar to them, which I ſhall 
remark 1n the following Order : 1. Their finu- 
ous, vermicular, or creeping Motion is very curi- 
ous, and contrived with the niceſt Art, and geo- 
metrical Neatneſs. 2. The whole Body of a 
Worm is, as it were, but a Chain of annular or 
ſpiral Muſcles, whoſe orbicular Fibres by con- 
tracting render each Ring (at firſt wide and ex- 
tended) more ſtraight and long; and thus the 
foremoſt attracting the next behind, the Action 
is continued through the Length of their Body, 
and produceth their vermicular or ſpiral Motion. 

The Serpent Kind move by means of annular 
Scales lying ſtraight acroſs their Bellies, contrary 
to what they do on the Back, and other Parts 
of their Bodies. Now the F.1zes of the fore- 
moſt Scales lying over the Edges of the hinder 
from Head to Tail, run out a little beyond them, 
ſo that when each Scale is drawn back, or ſet a 
little upright by its Muſcle, the outer Edge 
thereof (or Foot) is raiſed alſo a little from the 
Body, to take hold on the Earth, and ſo produ- 
cing, by the ſucceſſive Action of all, the finous 
Motion of the Serpent. 4. The Motion of Snails 
is performed by the undulatory Action of a long 
broad Skin along each Side of their Belly; and 
they are enabled, partly by a flimy glutinous 
Matter emitted from their Body, and partly by 
the Preſſure of the Atmoſpbere, to adhere firmly 


13. Others have the Theca crooked or horned, which runs ta- 
pering ; of theſe there are reckoned four Kinds, a greater and a 
leſſer black Sort; and a greater and leſſer 4% coloured one, The 
Theca or Caſes of all theſe Sorts of Cados N orms are admirably 
contrived, being cemented or glued together in ſach a Manner, 
as not to be eaſily ſeparated one Part from another; and by that 
Means theſe Creatures ſecure themſelves from the Voracity of 
ſuch Fiſh as would otherwiſe make them their Prey. 


to 
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to all Kinds of Superficies, and in all Poſtures. 
5. Caterpillar, while in their ver micular States 
are curiouſly provided with little Feet, the fore- 
moſt hort and hooked, to draw Leaves, c. to 
them; the hindermoſt are broad Palms, beſet 
around with ſmall ſharp Nails, by which they 
ſtick to, and graſp whatever they are upon: 
Whereas, in their Nympha or Aurelia State, they 
have neither Feet nor Motion, but a little in 


their hinder Parts, and in their mature or in- 


ſect State, they have motive Parts proper to that 
Species of Animals. 6. It is a wonderful pretty 
Mechaniſm obſervable in the going of Mille- 
pedes, (or Multipedes that on each Side of their 
Bodies every Leg hath its Motion, one very re- 
gularly following the other from End to End 
of the Body; ſo that their Legs in going make 
a Kind of Undulation, and give the Body a 
ſwifter Progreſſion than one would imagine it 
ſhould have, where ſo many ſhort Feet are to 
take ſo many ſhort Steps. 7. The Spine or 
Back-bone of Serpents is really wonderful: 
How thick are they ſet with Joints, or Verte- 
bra! How numerous and ſtrong are their co- 


operating ſmall Muſcles ! By what curious Ar- 


ticulation of the Vertebræ can they turn and 


wind their Bodies any Way! 8. Some of the 


Reptile Kind are provided with a poiſonous Mat- 
fer, ſerving to the more eaſy Conqueſt and 
ſure Capture of their Prey; and probably may 
ſerve to the Digeſtion of their Food. g. The 
Poiſon of the Viper lieth in a Bag in the Gums 
at the End of a certain ſharp Tooth, conveyed 
thither by a Duct from a conglomerate Gland 


lying 
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lying in the Side of the Fore-part of the Head, 
by which it is ſeparated ſrom the Blood. This 
Tooth is #ubulated or hollow, through which, 
when the Serpent biteth therewith, the Poiſon 
is conveyed to the Wound. 10. The Size, or ra- 
ther Length, to which ſome of theſe Serpents 
grow, is very ſyrprizing. I have ſeen the perfect 
Skin of a Rattle-ſnake 22 Feet long; and there 
are others from 3o to 40 Feet in Length, 11. 
Thoſe Creatures of the Serpentine Kind are the 
moſt vivacious, or tenacious of Life, of all other 
Animals, Thus we ſee Eels, Adders, &c. live, 
have Motion, yea, are very ſtrong, for a great 
while after they are beheaded, fleaed, and diſ- 
beweled : The Reaſon of which is owing to the 
greater Firmity, Solidity, and Compactneſs of 
their Fleſh above that of other Creatures; ſo 
that the Action of the vital Springs, or Cauſes 
of Motion, continue longer in them than in 
other Creatures. 12. Mr. Red; relates, that Ser- 
pents and Vipers will live not only ſome Days or 
Weeks, but many Months, without Food, ſhut 
up in a Box, yea, that they will be able to /z7e, 
and emit a deadly Poiſon, after eight, nine, or 
more months. But if the Veſſel beopen, and they 
perſpire much, they die, without Food, in a ſhort 
Time. 13. Some of thoſe Repziles, as Earth- 
Worms, Snails, &c. are Hermaphroattes; that is, 
have the genital Parts of both Sexes, the fame 
Worm being Male and Female, fo that they 
mutually copulate with each other ; and the 
Parts of Generation are placed in the Necks of 
Snails, juſt under their Heads. And would you 
ſee more of the wonderful Nature, Kinds, and 


2 Pecu- 
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Peculiarities of the Reptile Species, you may be 
ſatisfied, by reading the Natural Hiſtory of the 
ſeveral Ports of Apa, Africa, and America. 

A. Sir, I thank you; I do not know but 
that I may, when I have Opportunity and Lei- 
ſure: But, pray, what have you to obſerve in 
the Nature of thoſe you call She//- Animals * ? 

B. My 


1. The Kinds and ſeveral Species of Conchilious or She!l- Ani- 
mals are not well known, nor ſufficiently digeſted by Naturalitts ; 
nor is it poſſible they ſhould, ſince their Number and Variety are 
ſo exceeding great, and the Bottom of the Sea their principal 
Place of Hlabitation. | | 

2. However, ſome of the more common and diſtinguiſhed of 
this Tribe I ſhall enumerate and methodize in the following Or- 
der. Of Shell-Fih, ſome are univalve, or have only one Shell ; 
others are bivalve, or have aus Shells. | 

3. Of ſingle Shell-Fiſh there is great Variety, both with re- 
ſpe& to Fiſh itſelf, and the Make and Form of the Shells. Some 
Fimh having divers and diſtin&t Parts, as Head, Legs, Claaut, 
Antenne, &c. without the Shell, as in the Lobſter and Crab Kind. 
Others are contained entirely within the Shell, except when they 
exert themſelves for Motion; at leaſt, they have no Parts grow- 
ing without the Shell, as in the Snail, Periwinkle, &c. Kind. 

4. The Loher is the Principal of Shell-Fifb. His Habitation 


1s in Holes among the Rocks. They have four Legs on a Side, 


by, Means of which, with their two great Claws and broad Tail, 


they more with great Nimbleneſs. It is faid, that if one of the 
large Claws be broken off, it will grow again, or be renewed, 
though no other Animal hath the Power of renewing a loſt 
Limb. Some ſay, the Lobſter is androgynous, 1. e. hath both 
Sexes in itſelf; but others doubt it. It is reported there are near 
thirty ſeveral Sorts of Lobſters, all clothed with Shells; of the 
Lob/ter Kind are the Craau-Fiſb, the Prawn, the Shrimp, &c. 

5. The Crab is the next Shell-Fiſh of Note; its Legs and 
Claws are like thoſe of the Lobſter for Number, Paris and 
Texture, nearly; but their Motion 1s latitudinal, or ſide-ways; 
their Eyes are more prominent than thoſe of Lobſters, and 
therefore want not their Autennæ, or long Feelers, They hve 
among the Stones and Rocks like Lobſters, and are never found 
uncovered by the Waters, except when very young and ſmall, 
on the Shores at low Water. Their Spawn, like that of Lob- 


fters, conſiſts of ſmall Eggs, and the Time of Spawning in 


both is the ame. The Crab Kind hath alſo its S ecies, as the 
Sei der- Crab, the Seldier Crab, &c. 6. The 


rr 
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B. My Survey of them will be very brief; and 
I ſhall obſerve to you, 1. That thoſe Creatures 


have 


6. The Star-Fif is another Species of the Univalves : They 
have five pointed Rays, which proceed from the Body in the 
Centre, and by bending theſe backward and forward; move in 
all Directions indifferently. The Mouths of all this Kind are 
in the Centre of their Bodies, and armed with Teeth : they 
have ſeveral little fleſhy Trunks, which they dart into the Mud, 
through which they ſuck their Food. Their Organs of Digeſtion, 
Generation, or for voiding of Excrement, are not yet diſcovered. 

7. The moſt wonderful Fiſh of this Kind is the Szella- 4r- 
boreſcens, ſo called, becauſe from its ſmall Body, as a Centre, 
proceed a prodigious Number of Branches all around, whoſe 
numerous and minute Ramifications make a ſurprizing Kind of 
Net- Mort, which the little Animal, floating about in the Water, 
caſts over its Prey, which it then catches as Fiſh are caught in 
a Caſting- Net. There is a Fiſh of this Sort to be ſeen in the Mu- 
ſeum of the Royal Society in Crane Court, Fleet-Street, whoſe Ra- 
mifications are reckoned more than twenty Thouſand in Number. 

8, Beſides theſe are divers others, whoſe Natures are very 
wonderful; as the Limpets; the Venus-Ear; Sea-Urchins, or Button- 
Fiſhes ; Centre-fpells, which are Cells for ſmall Fiſhes of the 
Oyſter-Kind; the Sea-Hor/e; the Pipe-Morm; with many others. 

9. There are ſeveral Univalve-Shells, which are wreathed, or 
of a iral Form. As the Nautilus, or Sailor; the Turbinatæ, or 
IWhirls of ſeveral Sorts, great and ſmall; the Sea-Spider, and 
Fingered-Whirl; the Mitre; the Harp; the Top-Whirl; the 
Blackmore-Teeth ; the Unicorn Shell ; the Purple-Shell; the Spi- 
der-Shell ; the Buccina, or Trumpet; the great muricated ir; 
the Golden Trochus ; with ſeveral others. Theſe Shells are 
ſome ſo large, as to weigh near ten Pounds; and the auen,“ 
Colouring of others ſurpaſſes that of Birds, both for the Variety. 
Order, and Intenſity thereof. From that called the Purpura, the 
Ancients extracted their Purple Colour, with which they dyed 
their Stuffs; though Cochineal and Kermes Cods dye a Scarlet in- 
comparably better, and more laſting. 

10. The ſecond Kind of Shell-Fiſhes are b;valwrs, or whoig 
Shells conſiſt of two Pieces, or open with two ſimjlar Parts. 
Among theſe the Oyfer obtains the firſt Place; the Muſcis 
next; then the Scalp ; and, laſtly, the Coches of every Kind, 

11. Theſe are called i:moveable Shell Fiſh, as not being able 
to remove themſelves from their firſt Situation; they are alſo 
ſaid to be Hermaphrodite, as not having the Power to ſeek at any 
Diftance one of a contrary Sex for Copulatian, which therefore 
is a neceſſary Proviſion of Nature. | 


2 2 12. The 
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havea Sort of middle Nature between Plants and 
Animals, and therefore the moſt imperfect of all 


the animal Creation. 2. They are therefore called 


Zoophyta, from Cdo, an Animal, and quiw a 
Plant; as muchas to ſay, animal Plants, or ve- 
getable Animals, becauſe they gather Food, and 
feed with a Mouth like other Animals; but grow 
or adhere immoveably to ashellbythe Membrane, 
as Plants grow or adhere to the Earth by their 
Roots: Such as Sui, Oyſters, Cotkles, and all the 
conchilious Kind. 3. The Shells of theſe moſt con- 


12. The Oy/er abides at ſuch a Depth of Waters, as not to be 
left uncovered by them: But the Mu/c/e has generally its Situa- 
tion in ſuch Places on the Shore or Rocks, as, by the Fall of the 
Tides, they beeome expoſed to the open Air. The Cockle is al- 
ways bedded in the Sand, upon thoſe Shores which are uncovered 
at low Tides. | 

13. The Food of Oyſters and Muſcles are ſome Kinds of Sa- 
Weeds, and the fineſt Parts of Mud and Sand, and the Waſh of 
the Sea, The Cockle ſeems likewiſe to draw its Nouriſhment 
from Earth, which paſſes through its Body like Earth Worms. 

14. Mr. Lowenhoek ſays, that Muſcles lay their Eggs in 
Strings on the Outſide of their Shells, and that theſe Egg, or 
Spawn continually increaſe in Strength, till they become perfect 
Muſcles ; at which Time, Part of the Egg-jhell is difcoverable up- 
on the outward Covering of the Fiſh, till that Coat is hardened 
or changed into a firm Shell. Philo. Tran/. No 336. 

15. Mr. Strachan tells us, he ſaw on the Coaſt of Ceilan an 
Oyfter of a Foot Diameter ; and that the Shell of one of theſe 
did prow till it was three Feet in Diameter broad, and a Foot 
thick, after the Fleſh was putrified. ' Philoſ. Tranſ. N“ 282. 

16. There are very commonly found Pearls of different Sizes 
in the Bottom of the Shells of Oyfers, Scallops, and eſpecially 
in that called the Naber, or Mother of Pearl, where they are gene- 
rally found in Abundance. 'The Pearls which are ſometimes 
found in the Bodies of thoſe Fiſhes, ſeem rather to be Gravel- 
Stones than true Pearls, and therefore not ſo valuable. 5 

17. Beſides theſe Shell-Fiſh now mentioned, there are many 
others to be met with in the Works of Naturalifts, but infinitely 
more in the Works of Nature herſelf; which muſt be left to the 
Search and Induſtry of future Time, which poſſibly may arrive 
by Degrees to a more accurate Knowledge, and give a more 
perfect Hiſtory of them, than is now to be had. | 
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temptible Creatures are yet made with wondrous 
Art, Beauty, and Finery; in ſome particular Spe- 
cies of Snails, Cockl/es, &c. what artful curious 
Spirals, Circles, and other Divarications, and 
diametrical Diviſions, do we obſerve therein? 
How are they covered to pleaſe the Fancy, and 
ſerve the Luxury, even of the human Species ? 
4. Theſe Shells, or cruſty Houſes, ſerve the poor 
ſoft and boneleſs Inhahitants for Defence and Se- 
curity againſt outward Accidents, from which 
they can ſafely retreat therein. 5. A wonderful 
Thing in Srazls is, that they have their Eyes 
placed (not in their Heads as other Animals, but) 
on or at the Top of their Horns; which there- 
fore they can move farther or nearer from their 
Head, and circumvolve them here and there, or 
one this Way, the other that, at Pleaſure, 6. 
The Bodies of Shell- Animals are contrived with- 
out Bones, or any Thing that I know of like 
them; they conſiſt of a tough membranous 
Subſtance, analogous to Fleſh and Muſcles; 
and their internal Organs of Lite are ſeveral, and 
diſtinctly appear on being diffected ; but what 
the particular Shape and Funetzon of. many of 
them may be, is not ſo ealy to aſcertain ; the 
Bowels and Inteſtines of theſe Creatures bearing 
but ſmall Analogy to thoſe of more perfect 
Animals, I ſhall end my Reflections on them, 
by giving you a Cut, ſhewing the mutual Co- 
pulation of Snails, by their Genitals G, in Fig. 

* LIX. on Plate XXVI, fronting g. 342. 1 

A. It is very wonderful indeed; as are moſt | 4 
of the other Particulars which you have related = 
of the divers Species of Animals: But, pray, (be- 

23 fore 
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fore we leave this Survey of the animal Creation) 

let me aſk your Opinion of Gr:fins, the Phæ- 
nix, Dragons, Satyrs, Syrens, Unicorns, Mer- 
maids, Fairies, &c. Do you think there really 
are any ſuch Things in Nature * ? 


B. The 


1. It makes but little for the Credit of the Hiſtories of Dra- 
gons, Unicorns, Mermaids, &c. that their Names are not to be 
found in the Tranſactions of our celebrated Royal Society, who, 
it is well known derive their Intelligence at the beſt Hand from 
almoſt all Parts of the World. At leaſt, I can find no Mention 
of any ſuch Creatures in the ſeven Volumes of Abridgments by 
Loauthorpe, Eames, and Jones. | 

2, The Hiftoire Naturelle de ] Univerſe gives an Account of ſe- 
veral Perſons who have deſcribed the Unicorn; and particularly 

Father Lobos, in his Voyage to the Ane Empire, ſays, that this 
Animal is of the Shape and Size of a fine-made and well-pro- 
portioned Horſe, of a bay Colour, with a black Tail and Extre- 
mities ; he adds, that the Unicorns of Tuacua have very ſhort 
Tails; and thoſe of Ninina (a Canton in the ſame Province) 
have theirs very long, and their Manes hanging over their 
Heads. Vol. IV. Page 2. | 

3. Du Mons ſays, he ſaw the Head of a Dragon which was ſet 
up over the Vater Gate in the City of Rhodes; this Dragon was 
33 Feet long, and waſted all the Country round, till it was ſlain 
by Deodate de Gozon, a Knight of Sr. John. He ſays, the Head 
was like thatof an Hog, but much larger; its Ears were like a 
Mule's, but cut off; the Teeth were extraordinary ſharp and 
long; the Throat wide; its Eyes hollow, and burning like two 
Coals, It had two little Wings on its Back; its Legs and Tail 
like thoſe of a Lizard, but ſtrong, and armed with ſharp and ve- 
nomous Talons. His Body was covered with Scales, which was 
Proof avainſt Arms. See the Manner of his being killed in the 
Atlas Geographicus, Vol. III. Page 43, 44. : 

4. Ludolphus, in his Ethiopic Hiſtory, tells us, that in the Aby/- 
fine Empire, there are voracious ſcaly Dragons of the largeſt Size, 
though not venomous or hurtful otherwiſe than by the Bite, and 
they look like the Bark of an old Tree. Atlas Geographicus, 
Vol IV. Page 614. | 

5. The Stories of Mermaids, Satyrs, &c. had undoubtedly their 
Original from ſuch Animals as have in ſome Reſpects a Likeneſs 
to the human Shape and Features, Among theſe the Vonkey Kind 
the Orang Outang, and the Queja Morron, are the chief on Land; 
and the Fiſh called the Mermaid, (though it has nothing of the 
baman Form) and ſome other unuſual Animals in the a” _ 

| | Ine 
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B. The Phænix is mentioned by Pliny, and 
other Ancients, more credulous than ſkilful ; but 
has long ſince been rejected as a vulgar Error, 
The Griſin and Harpy have had a Place given 
them in Modern Hiſtories of Nature, but not 
without great Reproach and Ridicule to the Au- 
thois. Satyrs, Syrens, and Fairies, are all Po- 
etical Fictions, The Scripture makes Mention 
of the Dragon and the Unicorn, and moſt Na- 
turaliſts have affirmed that there have been ſuch 
Creatures, and given Deſcriptions of them; but 
the Sight of theſe Creatures, or credible Rela- 
tions of them, having been ſo very rare, has oe- 
caſioned many to believe there never were an 
ſuch Animals in Nature; at leaſt it has made 
the Hiſtory of them very doubtful. As to 


6. The Story of the Que Morron being very uncommon and 
curious, I ſhall here inſert it from Dapper, who ſays they are 
found in Dugan Guinea, and Angola in Ethiopia. The Negroes 
call them Satyrs, and believe they ſprang from the human Race. 
They have large Heads, thick heavy Bodies, nervous Arms, no 
Tails, walk ſometimes erect, ſometimes on all- four; they 
feed on Fruit and wild Honey; fight continually with one 
another; they dare attack armed Men, and will ſometimes force 
Women. The Portugue/e call them Sawages. 

7. Dapper tells us, that thirty Vears before he wrote, a Female 
of this Kind was brought to Holland, and preſented to Prince Fre- 
derick- Henry, It was as big as a Child of three Years old, but twice 
as thick, well ſet, ſtrong and nimble; it lifted Things of great 
Weight, and carried them from Place to Place. Her Breafls and 
Belly were naked, but her Back covered with Hair, Her Face 
was ſomewhat human, but ber Noſe flat and turned up. Her Ears, 
Breaſt, Nipples, Elbow, Legs, Feet, Belly, and Pudenda, were 
altogether like a Woman's. She often ſtood and walked upright 
on her two hind Feet. She would take the Cup in one Hand, 
ſupport it with the other, and drink very neatly, She alto lay 
down to ſleep with her Head on a Be/fer, and ſpread the Cover- 
let over her, as if ſhe had been a human Creatpre. It is ſup- 
poſed this Species of Creatures firſt gave Riſe to the poetical 
Kind of Satyrs, See Atlas Geogr. Vol. IV. Page 376, and 51. 
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Mermen and Mermaids, there certainly are ſuch 
Creatures in the Seas as have ſome diſtant Re- 
ſemblance of ſome Parts of the human Shape, 
Mien, and Members; but not ſo perfectly like 
them, it is very probable, as has been repre- 
ſented. In all ſuch ambiguous Pieces of Hiſto- 
ry it is better not to be poſitive, and ſometimes 
to ſuſpend our Belief, rather than credulouſly 


embrace every current Report, or vulgar Aſ- 
ſertion, which may perhaps expoſe us to Ridi- 


cule, but cannot procure us any ſolid Reputa- 
tion for Wiſdom and Learning. 
4. Well, leaving theſe uncertain Subjects, 


let us conclude this ſhort View of the Creation 


with what you called the Accidents of animal 
Life; pray what do you reckon ſuch ? 

B. They are ſuch as follow, viz. 

Health: This ariſeth from an apt Conſtruc- 
tion and due Temperament of the Parts, where- 
by they are capable of performing all the natu- 
ral Actions and Functions of Life. 

Diſeaſe: This is that State of an animal 
Body, which deprives it of the F aculty of ex- 
erting every Action proper for it. 

Vigilance, or the State of being awake : This 
ariſeth froru the Preſence and Action of a due 
Quantity of animal Spirits through all the Parts 
of the Body; by Means of which the Organs 
of the external and internal Senſes, and all the 
Inſtruments of Motion depending on the Will, 
are properly affected by external Objects, and 


eaſily perform all their Actions and Motions. 


Sleep : The State contrary to Vigilance ; but 
what is the Cauſe, or whereinit doth conſiſt, the 
greateſt 


Of Dreams, Hunger, Thirſt, and Death. 361 
greateſt Phy/iologiſts differ in their Determina- 
tions, and are puzzled to account for it. 

Dream: This is an Action of the reflectius 
Faculty of the Mind, which is always active 
even in Sleep, and doth therein recollect and re- 
view the Ideas which were preſent to it when 
the Body was waking: But the Body aſleep 
not admitting the Exerciſe of the rational Fa- 
culty of the Mind, it rangeth thoſe Ideas for. 
the moſt Part in a confuſed, unnatural, and 
imperfect Manner; and this Viſion of Things 
we call a Dream. — 

Hunger: This is that Quality which ariſeth 
from a Vellication of the inner Coats of the Sto- 
mach, by the Action of the digeſting Juice; 
which, having no Food whereon to ſpend its 
Force, gnaws on the Stomach itſelf, and there- 
by excites in our Minds the Dejre, or Appetite 
of Food. 

_ Thirſt: This is ſomewhat analogous to Hun- 
ger; for a due Quantity of Moiſture being 
wanting in the Stomach, and Parts of the 
Throat and Mouth, produceth that moleſing 
Senſation, which creates in us a Neceſſity of 
drinking, to remove it. 

Death: This brings an Animal to its laſt 
State; and is nothing but a final Obſtruction or 
natural Ceſſation of all the animal and vital Fa- 
culties and Functions of the Body, which then 
remains in a State of perfect Quieſcence, and is 
entirely paſſive to all other Changes and Condi- 
tions it meets withal in this World. And, as 
Death puts an End to all Things, fo I judge it 
moſt natural to end this long Reflection on the 

2 wonderful 
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Mermen and Mermaids, there certainly are ſuch 
Creatures in the Seas as have ſome diſtant Re- 
ſemblance of ſome Parts of the human Shape, 
Mien, and Members; but not ſo perfectly like 
them, it is very probable, as has been repre- 
ſented. In all ſuch ambiguous Pieces of Hiſto- 
ry it is better not to be poſitive, and ſometimes 
to ſuſpend our Belief, rather than credulouſly 
embrace every current Report, or valgar Aſ- 
ſertion, which may perhaps expoſe us to Ridi- 
cule, but cannot procure us any ſolid Reputa- 
tion for Wiſdom and Learning, 

4. Well, leaving theſe uncertain Subjects, 
let us conclude this ſhort View of the ab 
with what you called the Accidents of animal 
Life; pray what do you reckon ſuch ? 

B. They are ſuch as follow, viz. 

Health: This ariſeth from an apt Conſtruc- 
tion and due Temperament of the Parts, where- 
by they are capable of performing all the natu- 
ral Actions and Functions of Life. 

Diſeaſe : This is that State of an animal 
Body, which deprives it of the Faculty of ex- 
erting every Action proper for it. 

Vigilance, or the State of being awake : This 
ariſeth from the Preſence and Action of a due 
Quantity of animal Spirits through all the Parts 
of the Body ; by Means of which the Organs 
of the external and internal Senſes, and all the 
Inſtruments of Motion depending on the Will, 
are properly affected by external Objects, and 
eaſily perform all their Actions and Motions. 

Sleep The State contrary to Vigilance ; but 
what is the Cauſe, or wherein it doth conſiſt, the 


greateſt 
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greateſt Phy/iologiſts differ in their Determina- 


tions, and are puzzled to account for it. 

Dream: This is an Action of the refletive 
Faculty of the Mind, which is always active 
even in Sleep, and doth therein recollect and re- 
view the Ideas which were preſent to it when 
the Body was waking: But the Body aſleep 
not admitting the Exerciſe of the rational Fa- 
culty of the Mind, it rangeth thoſe Ideas for 
the moſt Part in a confuſed, unnatural, and 
imperfect Manner; and this Viſion of Things 
we call a Dream. | 

Hunger : This is that Quality which ariſeth 
from a Vellication of the inner Coats of the Sto- 
mach, by the Action of the digeſting Juice; 
which, having no Food whereon to ſpend its 
Force, gnaws on the Stomach itſelf, and there- 
by excites in our Minds the Dejre, or Appetite 
of Food. 

Thirſt: This is ſomewhat analogous to Hun- 
ger ; for a due Quantity of Moiſture being 
wanting in the Stomach, and Parts of the 
Throat and Mouth, produceth that moleſting 
Senſation, which creates in us a Neceſſity of 
drinking, to remove it. 

Death: This brings an Animal to' its laſt 
State; and is nothing but a final Obſtruction or 
natural Ceffation of all the animal and vital Fa- 
culties and Functions of the Body, which then 
remains in a State of perfect Quieſcence, and is 
entirely paſſive to all other Changes and Condi- 
tions it meets withal in this World. And, as 
Death puts an End to all Things, ſo I judge it 
moſt natural to end this long Reflection on the 
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wonderful Works of God, the great Author of 
Nature, with the awfu/ Subject of Death, which 
alſo, ere long, will intercept all ſuch delightful 
and agreeable Converſe, as hath hitherto paſſed 
between you and me. 


A. Ah! Were it not for the Proſpect of a 
better, and a more perfect State of Life and 
Being hereafter, how dreadful would be the 
Thought of parting with our dear, our friendly 
and agreeable Company and Acquaintance, even 
in this Life of Troubles? J am heartily ſorry 
that our Knowledge extends no farther in the 
Nature of Things, ſince it is a Topic, which, 
of all others, gives me the moſt ſerious and per- 
fect Pleaſure in the Contemplation of it. And, 
ſince you have taken abundant Pains to reple- 
niſh my Mind with the beſt Treaſure of this 
Sort of Science, I can but love you, and return 
you my ample Thanks for the fame. 
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